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SEED PRODUCTION OF NATIVE GRASSES UNDER CULTIVATION 


IN EASTERN KANSAS 


INTRODUCTION 


These studies were undertaken to determine the 
cultural practices for satisfactory seed production of 
seven grasses which are native to the Great Plains 
and adjacent areas and which may be used both for 
conservation of soil and for forage. 

During the past two decades there has been, in the 
United States, a growing realization of the impor- 
tance of grass in erosion control. This realization 
was'Bréught about by the severe losses caused by 
erosidh. Large acreages of farm and range land had 
been rérfdéred either totally unfit for cultivation or 
difficult’ *t6° cultivate profitably because of gullies, 
rock outcrops, sand dunes, protruding subsoil and 
other manifestations of erosive processes. The years 
of the ‘Second World War and those immediately 
following the war have seen a tremendous demand 
for ‘gi‘ain crops, and the resultant intensive cultiva- 
tion threatens to make erosion a serious problem in 
the near future if steps are not taken to counteract 
the serious drain on the soil. 

Erosion is not a new problem, it is age old. Primi- 
tive peoples often met the problem successfully, but 
the methods they used generally required a great 
amount of hand labor and could not be feasibly em- 
ployed in a highly mechanized agricultural society, 
such as that of the United States. At present in this 
country, a method of conservation has been developed 
which makes use of vegetative cover to protect the 
land. Crop rotations which include small grain or 
other close growii crops can be used to keep the 
ground covered as much of the time as possible. The 
dead residue from these crops helps protect the land 
between harvests. In addition to these precautions, 
grass may be introduced into long-time rotations or 
used as permanent cover particularly on lands which 
are inherently unsuited for cultivated crops. In some 
areas, “grassland farming,” where most of the land 
is kept in grass, is becoming an established practice. 

At the present time the demand for grain is at an 
all time high. When this demand slackens, and it 
seems inevitable that it will, farmers in the Great 
Plains area will find it profitable to use more land 
for grazing. There is a need for grasses which will 
provide a good amount of forage per acre. If such 
grasses can be cultivated efficiently then it will pay 
farmers to seed this land with grass rather than to 
allow it to return to a natural state with a resultant 
low yield of forage. A serious handicap to past at- 
tempts at returning cultivated land to grass in the 
Great Plains area has been a lack of seed of adapted 
grasses. Practically all of the commercial production 
of grass seed had been confined to species adapted 
to regions with relatively high rainfall. Such grasses 
could rarely withstand the rigorous climatie con- 





ditions of the Great Plains region, with great ex- 
tremes of temperature, rainfall, and wind. Therefore, 
it was deemed necessary to use the native grasses for 
much of the revegetation program in the future. Na- 
tive grasses had not been used in the past because of 
a lack of knowledge of how to obtain seed supplies 
and of how satisfactorily to establish the more de- 
sirable native grasses. At the present time, as a re- 
sult of knowledge gained from this study and from 
studies by other investigators in the Great Plains 
area, seed is being produced commercially to meet 
an increasing demand for native grasses which ean 
be cultivated to advantage both for soil conservation 
and for forage. 

In ‘the early 1930’s, the desire of farmers and 
various government agencies to return large acreages 
of formerly cultivated land to grass became strong 
enough to warrant setting up projects to find adapted 
grasses and to develop seed supplies of these grasses. 
The study herein reported was undertaken to deter- 
mine cultural practices for satisfactory seed produe- 
tion of the following native grasses: big bluestem, 
Andropogon furcatus Muhl.; little bluestem, Andro- 
pogon scoparius Michx.; sand bluestem, Andropogon 
hallii Hack.; side-oats grama, Bouteloua curtipendula 
(Michx.) Torr.; switchgrass, Panicum virgatum L.; 
sand lovegrass, Eragrostis trichodes (Nutt.) Nash.; 
and _ buffalo Buchloe dactyloides (Nutt.) 
Engelm. 

Two questions were involved in this study. First, 
would any native grasses yield seed more satisfae- 
torily under cultivation than by collection from wild 
stands? Second, if satisfactory grasses were found, 
then what cultural practices would ensure a satis- 
factory yield? To provide an answer to the first 
question, the vield of seed was determined for the 
seven species of native grasses grown under cultiva- 
tion and for the same grasses in native prairie. The 
results are set forth in the first part of this paper. 
It should be noted that it was not possible to set up 
this study in such a way that direct comparisons 
could be made between the yield of seed under eul- 
tivation and in native prairie. Such a comparison 
would have demanded the setting-up of fields in wide- 
ly dispersed areas. As it was, cultivation was carried 
out at one place whereas native grasses were har- 
vested from many different areas. Thus, the dif- 
ferences involved in soil and elimatie factors make 
it impossible to compare directly the yield of seed 
from the two different sources for a particular species 
in any given year. Direct comparison is, however, 
not of fundamental importance. If economically 
feasible, cultivation of grass seed for commercial 
production would be carried out on land which is at 
present under cultivation; in other words, on land 
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superior to that producing native grass stands. Grass 
seed may be obtained only from cultivation or from 
native stands, and a knowledge of the differences 
between these two sources in yielding ability, quality 
of seed, and special characteristics of flowering and 
seed formation is important regardless of differences 
in soil and climatic factors between the two. In 
answering the second question, the effect of such cul- 
tural practices as fertilizing, plant spacing, and 
others were studied in connection with particular 
species and included a range of treatments in order 
to establish principles which might be applied in the 
production of seed of other species having similar 
eharaeteristies of growth and development. The re- 
sults are presented in the second part of this paper. 

A review of literature pertinent to the immediate 
subject under consideration is given in the discussion 
of results at the end of each section. 

This paper is a revision of a thesis presented to 
the Faculty of the Graduate College, University of 
Nebraska in partial fulfillment of requirements for 
the degree of Doctor of Philosophy in January 1949. 

The writer wishes to express his indebtedness to 
Dr. F. D. Keim, Chairman of the Department of 
Agronomy for his interest and suggestions during 
the study; to Dr. J. E. Weaver, Professor of Plant 
Ecology, Dr. T. A. Kiesselbach, Professor of Agron- 
omy, of the University of Nebraska, and Dr. F. L. 
Duley of the Soil Conservation Service, United 
States Department of Agriculture for constructive 
eriticism during preparation of the manuscript; to 
Dean R. I. Throckmorton, Dr. H. E. Meyers, and Dr. 
J. C. Hide of the Kansas Experiment Station for 
advice concerning use of fertilizers in this study; 
and to Dr. A. D. Stoesz and Dr. M. M. Hoover of 
the Soil Conservation Service, United States De- 
partment of Agriculture for helpful counsel and for 
permission to conduct the study. 


PART I 


SEED PRODUCTION UNDER CULTIVATION 
AND IN NATIVE GRASSLAND 


YIELD OF SEED UNDER CULTIVATION 


PROCEDURE 


The production of seed of seven important native 
grasses under cultivation was studied from 1937 to 
1945, inelusive, at the Soil Conservation Service 
nursery of the United States Department of Agri- 
culture, located 7 miles southwest of Manhattan, 
Kansas. This nursery is situated on a deep fertile 
sandy loam soil on the flood plain of the Kansas 
River. With the exception of sand bluestem which 
is native to the western half of Kansas, all the grasses 
used in this study were indigenous in native grass- 
lands within the immediate vicinity of this location, 
(Gates, 1937). 

As far as was feasible, improved strains of grasses 
were used for the seed production studies. A superior 
strain of big bluestem and one of little bluestem were 


Ecological Monographs 

vou. 20, No. 1 
obtained by field selection from the vicinity of Man- 
hattan, Kansas. Sand bluestem seed was obtained 
as a field collection from Coldwater, Kansas and 
from Clovis, New Mexico. The side-oats grama which 
originated as a field collection from El] Reno, Okla- 
homa, is superior to other strains of side-oats grama 
tested at the Manhattan, Kansas Soil Conservation 
Service nursery. The Kansas Crop Improvement 
Association accepted it for certification under the 
name “Elreno.” Switchgrass was first grown from a 
field collection made in Anderson County, Kansas, 
but this was replaced by a more desirable strain ob- 
tained as an individual plant selection from the vicin- 
ity of Blackwell, Oklahoma, in 1934. This strain 
was accepted for certification by the Kansas Crop 
Improvement Association and named “Blackwell.” 
The sand lovegrass originated as a field collection 
from the vicinity of Woodward, Oklahoma. Pistillate 
and staminate strains of buffalo grass were obtained 
from the Fort Hays Experiment Station, Hays, Kan- 
sas and the Soil Conservation Service nurseries. 

Corn was produced on the land used for these 
studies before the fields were seeded to grass. Dur- 
ing the 9-year period the fields were seeded in dif- 
ferent years. These years are indicated by the ages 
of the fields as given at the foot of the columns in 
Figure 1. The seed bed was prepared by fall or early 
spring plowing and the land divided into fields rang- 
ing in size from 0.8 acre to 5 acres. Previous to 
planting the seed in early May, the land was har- 
rowed, and packed by a corrugated roller until well 
settled and firm. The seed was nearly all planted 
with a 4-row Planet Junior drill in rows 30 inches 
apart and was covered with approximately 4% inch 
of soil. The rate of seeding used was sufficient to 
preclude the possibility of obtaining a thin stand. A 
thin stand of grass suffers heavily from the compe- 
tition of weeds and, for successful growth, demands 
an expense in weeding not justified by the saving in 
seed effected. The rates of seeding expressed as 
pounds of pure seed per acre by species are as fol- 
lows: big bluestem, little bluestem, and sand blue- 
stem, 6.0 pounds; side-oats grama 3.6 pounds; switch- 
grass, 5 pounds; and sand lovegrass, 2 pounds. Buf- 
falo grass fields for seed production were established 
by using pieces of sod of selected pistillate and stami- 
nate plants. These were approximately 4-inch cubes 
and were spaced 30 inches between rows and 30 
inches apart within the row. One staminate plant 
was planted for each eight pistillate plants. 

The fields were cultivated with 4-row tractor- 
powered equipment from three to four times during 
the year of establishment. Weeds which escaped the 
cultivator were cut with a hoe in mid-summer the 
first season. After the first year, from two to three 
cultivations per season were enough to control weeds. 
All-Crop combine harvesters were used to harvest the 
seed crop from the standing plants, except during 
the last two years. In 1944, the seed stalks were 
cut and bound with a grain binder and the seed was 
threshed with a small-grain threshing machine. In 
1945, the seed stalks were harvested with a binder 
and threshed with an All-Crop combine. 
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The different species were cultured in a comparable 
manner as far as possible. Practical necessities, how- 
ever, made it impossible to plant all fields or all 
species in the same season. For example, a supply 
of sand lovegrass seed was not available until 1940. 
The average yields of the different species cannot be 
directly compared for either they were not in pro- 
duction for periods of the same length or they were 
not in production in the same years during these 
periods. However, these yields do furnish some basis 
of comparison and are to an important extent indica- 
tive of the yielding abilities of the different species 
when cultivated for the production of seed. 


Bic BLUESTEM 


Seed production of big bluestem for the 9-year 
period is presented in Figure 1. Purity of the har- 
vested seed ranged from 9.0 to 51.4 percent, but to 
permit fair comparison, seed yields in Figure 1 for 
the three bluestem grasses were computed on a 
basis of 40 percent purity which was the average 
purity over the 9-year period. Such factors as the 
dryness of stem and leaves were important in the 
determination of the amount of inert material that 
could not be separated from the seed by ordinary 
threshing. The seed usually contained so much mois- 
ture that it had to be dried by spreading on a board 
floor for about 4 days to a depth not exceeding 8 
inches. The seed was turned to facilitate drying. All 
weights, expressed on an air dry basis, were taken 
after the seed was dry. 

The highest yield of seed, 299 pounds per acre, 
was produced in 1940. This season was favorable 
for big bluestem seed production owing to the late 
summer rainfall. Although the annual rainfall] was 
deficient, and very low in July (Table 1), the dis- 
tribution was favorable. Rains occurred just before 


Monthly and yearly precipitation for nine- 
1937 to inclusive; 85-year average 


TABLE 1. 
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the flowering period in early September. Big blue- 
stem requires a favorable supply of moisture and nu- 
trients for satisfactory seed production. Relatively 
high humidity at blooming time enhances seed set, 
and so a higher percentage of the florets produce 
earyopses than if flowering occurs under drier 
conditions. 

The stand of grass was in the best condition for 
high seed yield during the second year after estab- 
lishment although all fields gave a satisfactory seed 
yield during the first year. Perennial grasses are 
normally slow in establishment the first season. The 
roots develop rapidly and penetrate in the soil sev- 
eral inches before much top growth is produced. 
Satisfactory growth of tops and crowns occurred 
during the last half of the first year in all of the 
fields. 

The first-year fields were approximately three 
weeks later than older fields in producing seed stalks, 
in flowering, and in maturing seed. In 1938 when 
frost occurred September 20 (Table 2), the second- 
year plot was in full flower and as a result of frost 
injury the seed set was very low (Fig. 2). The first- 
year field was just beginning to flower and in this 
field only the earlier inflorescences were killed. Sev- 
eral warm days following the frost permitted the 
later flowers to develop normally. More than twice 
the yield of seed per acre was produced by the first- 
year field than by the second-year field (Fig. 1). 
The percentage of florets containing caryopses is 
presented in Figure 2 to show differences in seed 
set by species and by seasons and is not intended to 
present seed set under cultivation for a comparison 
with seed set in native prairie. Such a comparison 
will be given in a section to follow. 

TABLE 2. Data on climatological conditions which 


affected seed production of native grasses at Manhat- 
tan, Kansas.* 









































year period, 1945, : 
by month and year; and yearly departure from 85-year | Tous 
average (+ or—). Manhattan, Kansas.* Elevation Month [| aS a er 
1073. | 1937 | 1938 | 1939 | 1940 | 1941 | 1942 | 1943 | 1944 | 1945 
PRECIPITATION, INCHES | Number of days above 100° F, maximum niger 
Month Seer ere — Sak.......) 6 | 8 | 6 oT 67 , 0 
1937 | 1938 | 1939 | 1940 | 1941 | 1942} | 1943 | 1944 |1945|year  July..... ow) wi 12 9 | > | 0 0 
av. August...... | i} 20) 3 SEaRIESESe- 
January _.| 1.76] 0.18] 0.42] 0.88} 2.08] 0.64] 0.22] 1.00] 0.75] 0.71 SePtember---| 2 | 9 | 5 2h Ri Ms Mes Mac 
February.........| 0.91] 0.75] 0.90) 1.47] 0.28} 0.93] 1.15] 0.85] 1.31] 1.22 " Le 8 — 
March.......... | 1.75] 2.52| 2.34] 0.64] 1.23] 1.61] 0.98) 4.53] 2.50) 1.62 sexcvie? (toa ab ten ilh adlt ied Radi M3 de Bie 
eae 0.54) 1. 11] 2.73] 3.24] 1.81] 1.77] 1.15] 8.92] 7.47] 2.66 Number of days above 90° F. maximum temperature 
a eee | 2.42) 7.99] 2.34] 3.95| 2.36] 6.00] 3.14) 3.69] 4.50 4.43 June... 3] 7/6!s8si|9]e2 s | 10 | 1 
June | 3.39) 3. 27| 7.30) 4.06] 3.80)11.48)12.28] 2.92) 7.93] 4.61 eee. me 28 ” | 21 | 20 17 12 9 
Se eee 4.39) 4.54| 2.06) 0.38] 1.29) 2.19] 4.68} 6.81) 7.53] 3.7: August re ee 11 10 i 24 | 18 | 19 
August..........| 2.05) 4. 43| 6. - 4.72] 3.00| 3.85] 1.71] 11.65] 2.25] 4.24 September... 7 | 16 | 16 4 oi 4 | 3 9 
September...... | 1.52| 0.79] 0.78| 3.09) 4.85] 7.45] 4.23] 2.53] 4.49] 3.93 ene ho : we na Meee ee 
ee | 2.15] 0.42) 1. ‘29 1.44)11.50) 2.20) 2.29) 1.15) 0.88) 2.25 Total...| 73 | 74 61 | 46 48 35 53 43 | 38 
November....... | 0.67) 2.56) 1.80) 2.75) 0.48) 0.67) 0.27) 2.88) 0.20) 1.77 ; 
December... | 0.26) 0.31) 0.53) 1.05) 1.25) 2.35) 2. 2.00] 2.66) 1.14 0.86 Killing fred 
ales: aes Wet = PER ec — Last in | Apr. | Apr. | Apr. | Apr. | Mar. | Apr. | Apr. | May | Apr. 
Total... .| 21. sips. 87/28.7 ii 783. 98.41. 1434. 13} 49.58/40.95/32.03 spring....| 11 | 22 | 19 | 12 | 29 | 10 | 20 | 6 | 8 
Departure from First in | Oct. Sept. | Sept. | Nov. | Oct. | Sevt. | Oct. | Oct. | Oct 
autumn..| 22 20 ”., 8 28 |; 24 | 15 | 12 9 





85-year average -10.22/-3 . 16|-3. 30-4. 36}+1.90+0.11 desees bh 55|+8.92 


“Compiled { from U. S. Weather ewe, Climatological Data for the United 


States by sections, Vol. 24 to 32, inclusive, 1937 to 1945. 


“Compiled from U. S. Weather Bureau, Climatological Data for the United 
States by sections, Vol. 24 to 32. inclusive, 1937 to 1945. 
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Fig. 2. 


RF SAND BLUESTEM 


SWITCH GRASS 


Seed set expressed as percentage of florets containing caryopses for native grasses grown in cultivated 


fields, 1937 to 1945, Soil Conservation Service nursery, Manhattan, Kansas. 


As a general rule fields over two years old pro- 
gressively declined in yield. In 1943, the older fields 
produced only one-third to one-half as much seed as 
the 2-year-old field (Fig. 1). In 1944, the seed crop 
of the 6-year-old field was considerably less than the 
crop from the 3-year-old field. The lowest yield of 
seed was produced in 1945 by a 7-year-old field. 
All fields were planted in 30-inch rows and all were 
cultivated by stirring the soil between the rows to 
control weeds. Work on experimental plots indicated 
that the yield of fields over two years in age could 
be increased through fertilization and through a 
renovation method of tearing out part of the sod 
from the rows of old stands which had become deca- 
dent and which were giving low yields of seed. The 
results of this experimental work will be given in 
detail later in this study. 

The average number of seeds per pound of pure 
seed during the nine years was 156,851+21,143 with 
a range of 125,259 to 193,903. Information for the 
different species concerning the number of seeds 
per pound, the normal variation that may be ex- 
pected, and the range is important for the develop- 


ment of techniques of cleaning and processing and 
for the determination of adequate seeding rates. Such 
information will be presented for each species used 
in this study, except buffalo grass, not to afford a 
comparison with seed collected from native prairie 
but simply to show an important characteristic of 
the different species. 

The number of seeds per pound for big bluestem 
varied from season to season. In favorable seasons, 
larger seeds were produced and therefore fewer made 
a pound. By far the largest number of seed units in- 
cluded a caryopsis with glumes and their append- 
ages. Occasionally a few seeds were stripped of 
glumes and appendages in the threshing operation 
but the percentage of hulled seed was so relatively 
low that in the count of seed per pound no distinction 
was made between the hulled seed and the complete 
seed unit. 

The seed was processed and recleaned following 
harvest, with a hammermill and fanning mill ae- 
cording to methods deseribed by Weber (1939). The 
hammermill broke most of the awns, tore fertile from 
infertile- florets; and avere off some of the pubescence. 
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The fanning mill sereened the seed and blew out 
some of the inert material, thus reducing the bulk 
and total weight, and increasing the number of seeds 
per pound of bulk seed and the purity. By process- 
ing and cleaning, the test weight was increased to an 
average of 10.75 pounds per bushel, double the usual 
weight of the unprocessed and uncleaned seed. As 
far as possible, an effort was made to prevent hull- 
ing the seed and thus to avoid breaking the caryopses. 


LitTLE BLUESTEM 


Although little bluestem is naturally adapted to 
drier sites than big bluestem, it produced the most 
seed in seasons of high rainfall. Seed production 
of little bluestem is shown in Figure 1. The average 
yield of seed was 125 pounds per aere for the 9-year 
period. This was 29 percent more than the yield 
of big bluestem, which averaged 97 pounds per acre. 

The yield of seed by little bluestem varied more 
with climatie conditions than with the years of 
growth (compare Figure 1 with Tables 1 and 2). 
Because this grass is not inelined to become so se- 
verely sod bound seed production does not decline 
steadily with the age of the field and will vary 
markedly with climatic factors. As most perennial 
grass plants grow older they become sod bound, that 
is, their root systems develop to the point where 
more and more of the nitrogen is used to form the 
organic matter of the roots, rhizomes, crowns, and 
litter and the amount of available nitrogen is insuffi- 
cient for maximum growth and production of seed. 
Being a bunch grass, little bluestem earries out such 
a development more slowly than the rhizomatous 
grasses but it does nevertheless become sod bound 
to an extent where, as will be shown later, fertiliza- 
tion and renovation to overcome this condition has 
a beneficial effect upon seed production. 

August and September are critical months for seed 
production of little bluestem. In September 1938 an 
early frost reduced seed set so that only 17 percent 
of the florets contained earyopses (Fig. 2). Germina- 
tion, purity, and the yield of seed per acre were like- 
wise low that year because of frost damage. In 
1943, low rainfall in August (Table 1), and high 
temperature in August (Table 2) caused a low yield 
of seed. The most favorable year for seed produc- 
tion was 1942. Annual precipitation was high and 
distribution of the rainfall during August and Sep- 
tember was excellent. Temperature was also favor- 
able, with fewer days over 90° F. than in any other 
year during the seed production study (Table 2). 
The result was a seed crop of over 400 pounds per 
acre. 

The average number of seeds per pound of pure 
seed for nine collections was 274,097+55,452 with a 
range of 209,754 to 378,772 seeds per pound of pure 
As with big bluestem, the seed of little blue- 
stem with a hammermill and re- 
cleaned with a fanning mill. More difficulty was 
experienced in preventing breakage of the caryopses. 
Caryopses of little bluestem are more slender and 
pointed than those of big bluestem, and are, thkere- 


seed. 
was processed 
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fore, more easily broken in pocessing. A bushel of 

processed little bluestem seed weighed 9 pounds. 


SAnD BLUESTEM 


During the 8 years when sand bluestem was in- 
cluded in the study its yield of seed per acre was 
lower in general than that of big bluestem or little 
bluestem. The yields on the basis of 40 percent 
purity are given in Figure 1. The highest yield of 
sand bluestem seed was obtained in 1938, when an- 
nual precipitation was 4.09 inches below normal but 
seasonal distribution of the rainfall was favorable 
for sand bluestem with 4.43 inches of rainfall in 
August, the critical month for seed production. The 
strain from Coldwater, Kansas, produced, 5 years 
out of the 7, a greater yield of seed per acre than 
that from Clovis, New Mexico. The production of 
the two strains is presented in Figure 1 for the 7- 
year period, 1939-1945. In each yearly section of the 
figure for this period the field producing seed of the 
strain from Coldwater, Kansas is shown on the left 
and that from Clovis, New Mexico on the right for 
the pair of fields of equal age. Sand bluestem seed 
was processed by use of hammermill and cleaned 
with a fan mill. Sand bluestem seeds are larger than 
those of big bluestem and the average number of 
seeds per pound of pure seed for the nine years was 
only 127,345+39,531 with a range of 77,444 to 214,- 
286 seeds per pound of pure seed. 


SripE-Oats GRAMA 


The yield of seed was determined for four fields 
of side-oats grama. The fields produced first-year 
crops of seed in 1937, 1939, 1941, and 1942, respee- 
tively, as shown in Figure 1. The average purity 
of recleaned, processed side-oats grama seed was 30 
percent. Therefore, the side-oats grama yields shown 
in Figure 1 were computed on that basis of purity 
for purposes of comparison. The seed unit used as 
the basis for purity determinations included the 
earyopsis and the glumes which enclosed it. All florets 
without earyopses and parts of the rachis attached 
to the florets were included in the inert material. The 
seed set of side-oats grama was generally low with 
an average of only 22.7 percent of the florets con- 
taining caryopses. 

Tn general the vield of seed decreased as the stand 
grew older. Variations and fluctuations occurred in 
this trend, because of climatic conditions that varied 
considerably from year to year. Although side-oats 
grama has rather short rhizomes it became sod bound, 
with an accompanying decrease in the yield of seed. 

Because side-oats grama produces seed about two 
months earlier than the bluestems, it responds to 
June and early July rainfall where the others re- 
spond to high rainfall in late July and August. In 
the season of 1942 two crops of seed were harvested; 
the first in early August produced three times as 
much seed per acre as the second crop which matured 
in early October. High rainfall in June stimulated 
an early summer crop of seed and low rainfall in 
July though decreasing the crop somewhat still has- 
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tened maturity. Favorable precipitation occurred 
again in August, followed by the wettest September 
during the nine years of the test (Table 1). 

It was not unusual for many inflorescences to ap- 
pear after the first crop of seed had been taken, but 
1942 was the only year in which the second crop 
was large enough to warrant harvesting. After a 
detailed study of the photoperiodic response of this 
strain of side-oats grama along with others, Olmsted 
(1945) econeluded that Elreno side-oats grama has 
both short-, or intermediate-, and long-day plants 
with respect to photoperiodism. He suggested, then, 
that the long-day plants may be responsible for the 
first, or summer, crop of seed and the short-day 
plants for the second, or fall, crop. 

Side-oats grama was processed with a hammer- 
mill, to break the clusters of florets apart and to 
separate the individual florets, and was recleaned 
with a fanning mill. There is no pubescence as in 
the case of the bluestems. 

With the filled floret as the seed unit the average 
number of seeds per pound for samples from eight 
different years was found to be 547,346+61,623 with 
a range of 456,724 to 602,193. As the caryopses of 
side-oats grama are easily removed from the glumes 
without damage 17 samples of caryopses without 
hulls were prepared and were found to contain an 
average of 763,261+69,006 seeds per pound of pure 
seed with a range of 665,923 to 997,920. 


SWITCHGRASS 


The yield of switchgrass seed during an eight-year 


period is shown in Figure 1. The Anderson County, 
Kansas, strain and the Blackwell switchgrass were 


each planted in two fields. Blackwell switchgrass, 
accession number KG208, proved superior in leafi- 
ness, seed production, and resistance to rust (Cor- 
nelius and Johnston, 1941). A first-year field at 
harvest time is shown in Figure 3. 

Seed production of switchgrass was usually high- 


Fie. 3. Field of switchgrass planted in April, 1939. 
A good crop of seed was produced this first season. The 
seed was harvested with an All-crop combine harvester. 
Photographed October 11, 1939. 
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est the first year after establishment of the stand. 
An exception occurred in 1940, a year unusually fa- 
vorable for seed production because of ample rain- 
fall and timely distribution during August, the month 
when switchgrass flowers. Weather conditions during 
this month largely determine the amount of seed that 
will be produced. The 1943 season lacked precipi- 
tation in August and seed yields were lowest for 
the 8 years studied. Seed production from two switeh- 
grass fields was unsatisfactory in 1943 and 1944. 
Switchgrass is one of the most satisfactory native 
grasses for seed production under cultivation. Seed 
is heavy and smooth, easily threshed and recleaned. 
There is some tendency for the outer glumes to re- 
main attached to the florets but they were removed 
with a hammermill. Very little seed, if any, is hulled 
to the naked caryopses. The indurate lemma and 
palea hold tightly to the ecaryopsis, with margins of 
lemma inrolled over the margin of the palea. Switch- 
grass seedlings are vigorous and satisfactory emer- 
gence can be obtained from deeper seeding than most 
native grasses. For ten collections there was an aver- 
age of 325,249+57,819 seeds per pound of pure seed, 
with a range of 237,797 to 444,466 seeds per pound. 


Sanp LOVEGRASS 


Field-seale production of sand lovegrass was not 
begun at the Soil Conservation Service nursery, Man- 
hattan, Kansas until 1940. Methods used in seed bed 
preparation and methods and time of planting sand 
lovegrass were the same as for other grasses planted 
earlier. In 1940, moisture conditions were excellent 
in August which is the critical month for the produe- 
tion of seed stalks by sand lovegrass. The yield of 
seed per acre was higher in 1940 than in any other 
year of the period, 1940 to 1945, inclusive (Fig. 1). 

Certain peculiarities uncommon to the other grasses 
reported here were encountered in sand lovegrass 
seed production. The caryopses threshed free from 
the glumes. Some shattering of the spikelets from 
the inflorescences and the caryopses from the glumes 
occurred prior to harvest, whereas with other grasses 
only the spikelets shattered from the inflorescences. 
The caryopses are much smaller than those of other 
grasses and the number of seeds per pound of pure 
seed was higher, giving for eight samples an average 
of 1,820,149+482,989 with a range of 1,061,648 to 
2,584,118. 

Lodging occurred with approximately one-half of 
the sand lovegrass seed crops, reducing seed yields 
an estimated 5 to 50 percent each time it happened. 
It was more likely to oceur in years of heavy seed 
stalk production and heavy September rains. Heavy 
dew prior to harvest also caused the large lace-like 
inflorescences to become weighted down with water 
and to lodge. 

Of all grasses grown for seed production, sand 
lovegrass varied the least in vield with climatie con- 
d'tions or with age of field. Exeept for the high vield 
of 1940 and one low yield of 1942, seed production 
was fairly uniform and consistent (Fig. 1). The small 
smooth seed, which is relatively heavy for its size, 
was easily threshed and cleaned. Therefore, the puri- 
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ty was consistently high. A purity of 98 percent was 
easily attained by use of the fanning mill. 


BuFFALO GRASS 


Seed of buffalo grass normally matures early in 
July, earlier, that is, than any of the other six grasses 
reported in this study. The critical months in the 
production of seed are May and June. If sufficient 
rain falls during these two months a good yield is 
insured, In 1941 there was less rainfall both during 
the year and during May and June than in 1942. 
Nevertheless the yield in both years was practically 
the same, 224 pounds per acre in 1942 and 239 in 
1941. Sufficient rain, with good distribution, fell 
during May and June in 1941 to produce a satis- 
factory crop and the greater rainfall in 1942 both 
during the year and the critical period did not pro- 
duce a significantly greater yield. May rainfall was 
low in 1944, and especially deficient in June, with 
1.69 inches below normal, Table 1. The result of this 
unfavorable condition was the lowest yield of seed, 
99 pounds per acre. The highest yield of seed, 303 
pounds per acre, was obtained in 1945 when both 
May and June had above normal rainfall. 


YIELD OF SEED IN NATIVE GRASSLANDS 
COMPARED WITH YIELDS UNDER 
CULTIVATION 


PROCEDURE 


From 1935 to 1945 several thousand acres of na- 
tive grasslands in Kansas were inspected each year 
to determine the feasibility of obtaining seed from 
natural stands of those species of native grasses 
which were being studied under cultivation. In Kan- 
sas those species are found in their natural state in 
certain grassland associations defined by Weaver and 
Clements (1938). Big bluestem, little bluestem, side- 
oats grama, and switchgrass are found most preva- 
lentlv in the true prairie of the eastern half of Kan- 
sas. Sand bluestem and sand lovegrass are found 
in the tall-grass prairie which is postclimax to true 
prairie on the sandy land of central and western 
Kansas. The mixed prairie of central and western 
Kansas, and the adjacent area of eastern Colorado, 
with the short grass disclimax of this region fur- 
nishes the only available supply of buffalo grass and 
a small, but negligible, amount of side-oats grama 
seed. 

In these areas. the writer selected good stands of 
native grasses with the assistance largely of county 
agricultural agents and Soil Conservation Service 
emplovees, and then supervised their harvesting, us- 
ing either equipment obtained from private individ- 
uals or from the So] Conservation Service. Prior 
to this study, harvesting of native grasses had never 
heen carried out on anv extensive scale in Kansas. 
For the most part no special equipment was used and 
All-Crop combine harvesters were generally em- 
ployed; special supervision and, in some eases, spe- 
cial adjustments were necessary to ensure efficient 
harvesting. For example, buffalo grass has such short 
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seed stalks that, in order to obtain a close cut, special 
sickles and guards were used and cutter bars were 
extended and lowered. 


GRASSES FROM TRUE PRAIRIE 


Big bluestem—Farmers and ranchers frequently 
assert that bluestem grasses will only produce seed 
every seventh year. This saying is based on their 
observations that seed production by native prairie 
fluctuates greatly. Good seed crops are dependent 
primarily upon the prevalence of climatic conditions 
favorable to the growth of native grass and such con- 
ditions are extremely erratic in their occurrence in 
any specific area of the Great Plains region, 

The infrequeney and irregularity of seed pro- 
duction by native bluestem prairies make its com- 
parison with seed production under cultivation very 
difficult. For example, a crop worth harvesting was 
produced on the cultivated bluestem fields each of 
the 9 years, even though there was much variation 
from year to year in the seed set and the yield of 
seed. On the other hand, in the whole state of Kan- 
sas, native prairies produced good crops of bluestem 
seed only in 1937, 1938, and 1942. Then only a very 
small percentage of the acreage of native bluestem 
prairie gave sufficient seed for harvest. An average 
yield of 81 pounds per acre was obtained for the 
three years. Furthermore, seed harvested from the 
true prairie where big bluestem and little bluestem 
are dominant, was always mixed with other native 
grasses and forbs, some of which, such as tall drop- 
seed, Sporobolus asper, are undesirable in range re- 
seeding particularly if they occur in quantity. 

Two harvests will be described as an example of 
seed production by native bluestem prairie. In 1937, 
1,000 acres were harvested in Butler County, Kansas. 
A total yield of 42,500 pounds or 42.5 pounds of 
seed per acre was obtained. The purity percentage 
of the 1937 crop of seed was as follows: 


Big bluestem 
Little bluestem 
Switchgrass 
Indian grass 
Tall dropseed 
Side-oats grama 

Total grass seed 

Inert material (empty glumes, 

broken stems, leaves, ete.).............. 47.6 


In 1942, 350 acres of native big bluestem prairie 
were harvested in Coffey County, Kansas. The yield 
of seed was 120 pounds per acre with a purity very 
close to that of the 1937 crop just described. 

One of the most important considerations in the 
production of seed of the bluestem grasses is that of 
“seed set,” that is, the percentage of the florets con- 
taining well developed caryopses. Seed set was ob- 
served to vary considerably under cultivation (Fig. 
2), but it varied much more in the native prairie. 
Many fields, with dense stands, favorable topography, 
and other characteristics that made them appear to 
be worth harvesting were actually found to be worth- 
less for seed production because of the high per. 
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centage of empty or blasted florets. Climatie condi- 
tions are largely responsible for such poor seed pro- 
duction, although some damage to the inflorescences 
may be eaused by grasshoppers (Wilbur, 1936), 
midge infestation, smut, or ergot. 

Samples were taken over a period of nine years 
to permit a comparison of the seed set of big blue- 
stem from native prairie with that from cultivation. 
The samples from the native prairie were collected 
only when the areas appeared to have sufficient den- 
sity of seed stalks to justify harvest for seed. An 
average of 20.6 percent of the florets contained 
earyopses for the 62 collections examined. Examina- 
tion of 45 collections from cultivated fields of big 
bluestem gave a seed set of 41.1 percent. This was 
twice the average seed set for native prairie. The 
highest seed set for a single collection was 65.8 per- 
cent from a field under cultivation. The lowest was 
zero for a collection of big bluestem from native 
prairie. 

Little bluestem—Fairly consistent crops of seed 
of little bluestem were found on a few good sandy 
land pastures in northern Reno County and southern 
Rice Countv. Kansas. In 1943, 500 acres were har- 
vested and 25,000 pounds of seed, or 50 pounds of 
seed per acre, was obtained. Smaller acreages, with 
lower vields per acre, were harvested in Anderson 
County in 1935, Butler County in 1937, Coffey 
County in 1941, and Reno County in 1944. Little 
bluestem averaged 42 pounds per acre from native 
stands for the 5 years. Production of little bluestem 
seed under cultivation was much more certain and 
was much higher in yield than the production of 
native grasslands. The average yield under cultiva- 
tion for the 9-year period was three times that of 
the best native prairie in the best harvest year out 
of the 9 years. 

The 84 collections of little bluestem from native 
prairie had an average of 34.5 percent of the florets 
with caryopses as compared with an average of 54.6 
percent for 47 collections from cultivated fields. The 
highest percentage for a single collection was 71.3 for 
a field under cultivation; the lowest was zero for a 
native prairie. 

Side-oats grama.—Seed 
grama by native prairie was good in certain areas in 
east central Kansas in 1937 and 1938, following the 
drought of 1934 and 1936. Side-oats grama was more 
drought resistant and quicker to recover than the 
bluestem grasses and several other species from the 
true prairie. With competition thus reduced by the 
drought, side-oats grama yielded some excellent crops 
of seed, averaging 80 pounds per acre, which were 
harvested by the Soil Conservation Service, farmers, 
and seed collectors in several counties of eastern cen- 
tral Kansas. After the bluestem grasses had reeuper- 
ated from the drought, side-oats grama deereased 
not only in relative amount but also in seed produe- 
tion in that section. The oceurrence and usefulness 
of side-oats grama for erosion control plantings, the 
nature of its seed production, and method of harvest- 


production of side-oats 
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ing of seed from native prairie have been described 
by Cornelius (1939). 

Seed set and seed quality of side-oats grama from 
native prairie are usually much lower than from cul- 
tivated fields. Filled florets averaged 7.1 percent in 
131 samples of side-oats grama collected from native 
grasslands, compared with an average of 22.7 per- 
cent in 56 samples of side-oats grama seed produced 
under cultivation during the same 9-year period. 

Switchgrass—The most satisfactory switchgrass 
ecotypes for reseeding purposes oecur on uplands. 
Lowland strains are coarse, low in forage value and 
not so well adapted to reseeding on eroded upland 
sites, but they are usually the only strains which pro- 
duce sufficient seed for harvest under natural condi- 
tions. Very little seed has been harvested from na- 
tive upland prairies because, in these areas, the seed 
is found heavily mixed with that of other grasses and 
the moisture supply is generally insufficient to pro- 
duce a good crop of seed. A harvestable crop was 
produced only in 1937 and 1939, giving an average 
of 55 pounds of seed per acre. 

Switchgrass seed from 30 native grassland collee- 
tions had an average of 46.2 percent of florets con- 
taining earyopses. During the same ten-year period, 
20 collections of switchgrass seed grown under cul- 
tivation had an average of 66.2, 


GRASSES FROM PostTcLIMAX TALL-GRASS PRAIRIE 


Sand bluestem.—This grass grows most commonly 
on deep sandy soil and often such soil oceurs in areas 
where sand dunes or clumps of brush will not permit 
harvesting by machinery. Therefore, most of the sand 
bluestem seed from native grasslands must be har- 
vested by hand and it is very seldom that these grass- 
lands produce a seed crop sufficient to warrant the 
expense of hand harvesting. In 1944 a yield of 35 
pounds per acre was harvested from 20 acres in 
Pratt County, Kansas. In view of these considera- 
tions there can be little doubt that the production of 
sand bluestem by cultivation is much superior to 
native production, particularly, when it is pointed 
out that native areas had only 13.3 percent of florets 
with caryopses compared with 27.2 percent from 
fields under cultivation. 

Sand lovegrass.—Seed of sand lovegrass ean rare- 
Iv be harvested from native grasslands in Kansas 
because of the rough topography of the areas where 
the grass is found, sage brush, insufficient density of 
seed stalks, and mixtures of other grasses or weeds. 
Some seed was harvested in 1944 from native areas 
in northwestern Pratt County, that produced 120 
pounds of seed per acre. In 1942, a small field in 
Reno County gave 32 pounds per acre. But, the 
rare occurrence of stands suitable for harvest and 
the inconsistency of seed production in native grass- 
lands, makes cultivation the only practical method 
of securing seed. Caryopses readily fell from the 
glumes of the florets at maturity. Since the florets 
did not mature uniformly at one time it was im- 
possible to determine seed set for sand lovegrass with 
the same facility as for the other species included in 
this study. 
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GRASSES FROM MIXED PRAIRIE 


Buffalo grass.—Buffalo grass seed was obtained 
from areas in three different stages of ecological sue- 
cession. During the drought and depression period 
of the early 1930’s, many areas of the mixed prairie 
were lightly plowed and then abandoned within a few 
years. Plowing greatly reduced most species of the 
climax vegetation except for buffalo grass which, 
favored by its propensity for rapid vegetative spread, 
quickly claimed these areas as the dominant species. 
Such areas produced the highest yield of buffalo 
grass seed and were the most suitable for harvesting. 
Secondly, relatively pure stands of buffalo grass oc- 
eurred on ranges which had been closely grazed in 
the past. Grazing had greatly reduced the amount of 
little bluestem, side-oats grama, and forbs until a 
short grass disclimax resulted with buffalo grass 
dominant. Thirdly, undisturbed areas of the mixed 
prairie commonly support an under cover of buffalo 
grass with a sufficient density of seed stalks to war- 
rant harvest. 

In 1939 some seed was harvested from native pas- 
ture land in Sedgwick County. The years 1941 to 
1943, inelusive, were favorable for buffalo grass seed 
production by native grasslands in parts of Wallace 
County, Kansas, and Cheyenne County, Colorado. 
Many tons of seed were harvested by methods de- 
seribed by Cornelius (1944b), and this seed was used 
extensively in revegetation work. Despite the fact 
that native production of buffalo grass seed was high 
during the period, higher and more consistent yields 
of seed were obtained from cultivated fields. Native 
areas gave from 20 to 100 pounds of burs per acre 
averaging 52 for the 4 years when seed was harvested 
whereas cultivated areas gave from 99 to 303, averag- 
ing 216 for the period. 

Buffalo grass bears seed in a short head commonly 
ealled a “bur” which is a cluster of usually 4 or 5 
spikelets with the thickened indurate rachis and broad 
outer glumes forming a rigid globular structure 
crowned by toothed summits of the glumes. The qual- 
ity of burs from eultivation was markedly inferior to 
that from native production. Cultivated burs aver- 
aged 71 seeds per 100 burs in 27 samples examined ; 
native burs averaged 132 seeds per 100 burs in 16 
samples examined. This inferiority of quality was 
due to false smut (Cercospora seminalis), a disease 
peculiar to buffalo grass. Although false smut great- 
lv reduced the number of viable caryopses per bur it 
did not noticeably affect the yield of burs per acre. 
The diseased, mummy-like caryopses were approxi- 
mately the same size and weight as normal earyopses. 
Because strains resistant to false smut were not 
available when fields were first established and _ be- 
cause there is greater damage from the disease in the 
more humid eastern Kansas than in drier areas, cul- 
tivated burs suffered heavily from the disease. The 
4-vear period of cultivation was too short to allow 
the development of resistant strains for use on field 
seale. However, experimental work carried on dur- 
ing this period showed that it would be quite possible 
to develop by selection strains resistant to diseases 
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as well as genetically superior for forage yield and 
adaptability. The development of such strains would 
ensure a cultivated yield superior in quality to native 
yield. 

Side-oats grama.—Oceasionally, side-oats grama 
produces seed on slopes with shallow soil in the 
western part of Kansas. The acreage is limited and 
the yield of seed is low. 


DISCUSSION OF FINDINGS AND OF 
RELATED STUDIES 


The production of native grass seed under culti- 
vation is subject to considerable fluctuation, largely 
owing to climatic conditions, but it is practical if 
proper procedure is followed. It supplies a much 
more dependable seed source than the native prairies 
which cannot be relied upon to produce seed suffi- 
cient to justify harvesting. Results reported in this 
study give a concept of the vield of seed that may 
be expected from the cultivation of the most im- 
portant native grasses of the central Great Plains 
region. Farmers, ranchers, and seed growers need 
such information on the seed producing characteris- 
ties and abilities of the best grasses if they are to 
produce sufficient seed for revegetation. 

There ean be little question that the need for re- 
vegetation, and, hence, for knowledge of native grass 
seed production is great and while many authorities 
might be called upon to witness the extent of this 
need, it will be sufficient for our purposes to indicate 
the opinion of two prominent authorities upon agro- 
nomie problems of the Great Plains region. In a 
discussion of the use of land in the hard red winter 
wheat belt, Throckmorton (1936) recommended that 
for the agricultural welfare of the region the total 
wheat area should be reduced by approximately 
5,000,000 acres, or about 20 percent and that “the 
more sloping and rolling lands and a portion of the 
more level areas should be returned to grass as soon 
as seed of adapted varieties is available and economic 
means have been devised for the re-establishment of 
grass cover.” Aamodt (1943) stated that “the scant 
supplies of the native grass seeds, as buffalo and the 
gramas, available for establishing turf on airfields 
and other military areas... present a problem. Since 
1935 many of the native grasses of the Great Plains 
have been used in conservation plantings on arable 
range lands. Previously most of these species had 
never been used extensively and the collection and 
processing of seed, as well as the development of 
correct agronomic technies in their establishment, 
presented new problems for study and research.” 

Although the need for a large-scale revegetation 
program was recognized 10 to 15 years ago in the 
Great Plains, economie conditions resulting from 
World War IT have caused a reversal in actual trend 
and farmers have broken out more acreage in sod 
than the acreage which has been: reseeded. Also cli- 
matie conditions during this period were conducive 
to a higher yield of grain in the Middle West than 
can be expected as a long time average. A decrease 
in the export of grain to foreign countries or a 
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drought period that will make grain crop production 
unprofitable on the western fringe of the Middle West 
farming belt and on shallow soils of the entire area 
would again change the trend and the reseeding of 
cultivated areas to forage grasses for grazing would 
become a more common practice. The value of grass- 
land agriculture for conserving the soil has - been 
pointed out in the introduction. Great Britain has 
been foremost in establishing a national policy of 
grassland establishment and improvement which has 
been described by Stapledon (1939). It is conceivable 
that the United States will adopt a policy of more 
widespread and efficient use of grassland when the 
stress of conditions brought on by World War II 
has disappeared and a renewed attempt is made to 
develop a stabilized agriculture. Such a policy would 
not necessitate a lower total production over a long 
period of time but instead a stabilization that would 
greatly enhance conservation of our important na- 
tural resource, the soil. Cardon (1939) expressed the 
opinion that the United States is headed toward a 
grassland agriculture, not as retrogression to pas- 
toral practices but as a definite advance toward stabi- 
lized agriculture. 

Before the present study was initiated, little or no 
knowledge was available as to the production of na- 
tive grass seed in the Great Plains area. The only 
prior study of any importance had been made follow- 
ing a severe drought in the 1880’s and the results of 
this study were set forth in reports by Vasey (1889, 
1890, 1892), Sewall (1891), and Coville (1893). 
Even at this early period, native grasses were con- 
sidered to offer good possibilities for use in revege- 
tation and their production as well as that of in- 
troduced grasses was studied at Garden City, Kan- 
sas. The following native species were planted: 
switchgrass, western wheat grass, big bluestem, sand 
bluestem, little bluestem, and slender wheat grass. 
Sewall (1891) stated that experiments conducted dur- 
ing the three years had satisfied him that switch- 
grass would be suitable for use in revegetation, for 
use as forage, and for cultivated seed production. 
Results were inconclusive for other grasses. Had the 
study been continued even on a small scale for a 
longer period of time, it might have been of great 
value. Unfortunately, years of good weather and 
prosperity following the drought produced a lack 
of public interest in the project and in 1893 the 
Garden City station was closed. 

Interesting though the Garden City project may 
be historically its results scientifically were negli- 
gible as far as native grass seed production was con- 
cerned. Prior to 1935 there was little understanding 
of factors affecting native grass seed production. 
Particularly was this true of seed set. Little or 
nothing was known of the ability of the various na- 
tive grasses to produce florets containing developed 
caryopses. As a result, there was no standard by 
which to measure quality or yields of native grass 
seed either from cultivation or from native prairie. 
In the preceding section of this paper, results as to 
the seed set of native grasses were given when, for 
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each grass, comparisons were made between seed set 
under cultivation and seed set from the native prairie. 
Seed set for four of the grasses under cultivation 
is also shown in Figure 2. All of these results indi- 
cate, that in general, native grasses have a low seed 
set. It is true that weather conditions at flowering 
time largely determine the seed set; for example, hot 
dry winds are unfavorable for pollination and fer- 
tilization and if they prevail at this period there will 
be a low seed set. But it would also seem true that 
certain grasses have a greater intrinsic ability than 
others to overcome unfavorable conditions and to 
produce caryopses. 

The difficulty that some forage grasses have in 
setting good seed was recognized nearly a century 
ago by Deeaisne (1858). Smith (1944) found a 
generally low average seed set in all forage grasses 
in the Pacifie Northwest and attributed it in part 
to a high floret count, as all reasonably well devel- 
oped florets were included in his seed set counts. 
Many of these florets in secondary and tertiary posi- 
tions often did not produce seeds under ordinary 
conditions. Spencer and Fergus (1942) sampled the 
1941 bluegrass seed crop in Kentucky and found 
that 72 percent of all the florets failed to yield a 
completely developed seed. Individual plant selee- 
tions showed a range in seed production of 0.0 to 
32 percent in 1941 and 7 to 76 percent in 1940. 
Brown (1943) gave the seed set of native grasses in 
mixed prairie. For buffalo grass in 1939, 1940, and 
1941 it was 1, 1.5, and 2 earyopses per bur, respec- 
tively. Big bluestem produced no seed until 1941, 
then 25 percent of the florets contained caryopses. 
Little bluestem had a seed set for the three years of 
zero, 24.1, and 48.3 percent, respectively. For side- 
oats grama the seed set was 4, 12.1, and 22.3 percent, 
respectively, and for switehgrass, 72.4, 70.2, and 
89.0 percent. Cornelius (1947) reported higher seed 
set at Manhattan, Kansas for Kansas ecotypes of 
little bluestem which flowered in late August than 
for ecotypes from other regions. The early, northern 
ones suffered from the hot winds of mid-summer at 
flowering time and later, southern ones were some- 
times frosted in October. Kiltz (1935) reported the 
seed set for big bluestem for 1935 averaged 12 per- 
cent; little bluestem ranged from 5 to 38, averaging 
14.1 percent for all samples; switchgrass, 40 per- 
cent; and buffalo grass averaged 1.4 seed per bur. 
Law and Anderson (1940) found the seed set of big 
bluestem ranged from zero to 84. The number of 
caryopses per 100 spikelets, open pollinated plants, 
was 45.9 in 1937, 17.56 in 1938, and 37.40 in 1939. 

In view of the comparisons made in the preceding 
section of this paper between seed production under 
cultivation and from the native prairie there ean 
be little doubt as to the superiority of cultivation 
as a means of seed production. Superior seed pro- 
duction itself would more than offset the expense 
and time required for cultivation. There are, more- 
over, certain other advantages in cultivation. These, 
as listed by Hoover (1937), are certainty of a seed 
crop, freedom from mixture, decreased unit cost of 
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seed, and stimulation of seed production as a new 
farm enterprise. One advantage, not listed by 
Hoover, is of great importance, namely, producing 
seed of improved strains. 

Plant breeders are already developing strains of 
native grasses that are higher in forage and seed 
production, resistant to disease, more vigorous in 
the seedling stage, and more desirable in other charac- 
teristics. Such strains can be produced efficiently 
only by growing them under cultivation. Improved 
strains of forage grasses are generally used by Brit- 
ish farmers now. Evans (1943) states “The intensive 
study of grass as a crop, the introduction of bred 
strains of herbage plants, and the quickened interest 
in indigenous strains, are factors accounting for 
more progress in the art of pasture making in the 
past decade than occurred throughout the previous 
century.” 

Though, strictly speaking, outside the scope of 
this study, it would be well to point out here that if 
cultivated seed production is to be earried out on 
a commercial, large scale basis with greatest effi- 
ciency more knowledge must be gained on the treat- 
ment and conditions required for the germination of 
native grass seed. Some very important work has 
been done in this connection during the past few 
years the scope of which may be briefly indicated. 
Wenger (1941, 1943) developed a satisfactory meth- 
od of improving the germination of buffalo grass 
seed by soaking it in water or 0.5 percent solution 
of potassium nitrate 24 to 48 hours, storing it wet 
for six weeks at 32° to 40° F., and drying it imme- 
diately upon removal from storage. The treatment 
of buffalo grass seed was satisfactory as long as 
the seed could be quickly dried after the cold storage 
period. Aicher (1944) has described the buffalo grass 
seed drier developed at the Ft. Hays Experiment 
Station. Pladeck (1940) obtained better germination 
from weathered burs than from unweathered buffalo 
grass burs. Lowe (1940) found that buffalo grass 
seed taken from a 25-year-old sod house germinated. 
Seed from a sod house 35 years old failed to germi- 
nate. Coukos (1944) found prolonged dormancy, ex- 
tending past the first spring after harvest, in big 
bluestem, Indian grass, little bluestem, and some 
ecotypes of side-oats grama. One strain of little 
bluestem possessed only brief dormancy, meaning 
that a storage period of about 6 months broke the 
dormancy. Blake (1935) reported that the germinat- 
ing power of big bluestem and little bluestem drop 
suddenly between the fifth and sixth years. Seeds of 
10 common prairie species increase in germination 
from a very low or none at harvest time to a 
maximum in mid-spring. This was followed by a 
distinct lowering during summer and a marked rise 
in early autumn. Final results of the Duvel buried 
seed experiment conducted by Toole and Brown 
(1946) indicated that switchgrass seed gave maxi- 
mum germination after being buried for 3 years. 

In addition to greater knowledge of germination, 
commercial production of seed will require the de- 
velopment of suitable techniques for the determina- 
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tion of native seed purity. Furthermore, efficient 
production will be enhanced by detailed studies of 
factors affecting pollination, fertilization, and seed 
set. Norris (1940) reported on the techniques em- 
ployed in the testing of native grass seed at the 
Kansas State Seed Laboratory. Jones and Newell 
(1946) have made a study at Lincoln, Nebraska of 
pollination eyeles and pollen dispersal including sev- 
eral native species considered for commercial seed 
production. No detailed study has yet been made 
to determine the exact limits of factors affecting 
fertilization and formation of seed for any of those 
species of native grasses which have been the subject 
of this study. Alfalfa seed production was studied 
by Grandfield (1945) under controlled conditions and 
a report was made on the effects of organic reserves 
of food in the roots, humidity, and soil moisture. 
This study and report on alfalfa might well serve 
as a model for similar studies of native grasses. 
There are some studies relating either in a general 
or specific way to the subject of this and preceding 
sections which have not been mentioned. Reports 
have been published on the adaptation of native 
grasses and methods of reseeding by Hoover (1939), 
Riegel (1944), Fultz (1944), Savage (1945), Flory 
and Marshall (1942), Frolik and Keim (1938), and 
Cornelius (1944a, 1946a, 1946b). Many ecological 
studies have been made in the prairies which show 
the excellent adaptation of the native grasses to the 
environment. Reports of some of these studies have 
been published by Sarvis (1920), Aldous (1930, 
1934b, 1938), Bruner (1931), Weaver and Himmel 
(1931), Weaver and Fitzpatrick (1932), Weaver and 
Hansen (1941a, 1941b), Weaver and Flory (1934), 
and Albertson (1937). Knowledge gained from these 
ecological studies with native grasses in their native 
habitat can often be applied to answer questions en- 
countered in growing the grasses under cultivation 
for seed production. 


PART II 


EFFECTS OF SOME CULTURAL PRACTICES 
UPON SEED PRODUCTION 


This study has clearly established the fact that 
native grasses can be efficiently cultivated for seed 


production by standard cultural practices. Atten- 
tion, then may now be turned to the second of the 
two questions which were outlined at the beginning 
of this paper. What cultural practices will ensure 
a satisfactory seed yield? To answer this question 
experiments were made employing various cultural 
practices feasible on a field scale where such tech- 
niques seemed to offer some likelihood of increasing 
the seed yield of a particular grass. The effects upon 
seed yield of fertilizing, plant spacing, various meth- 
ods of planting, burning, and renovation by sod re- 
moval to reduce grass density were all tested. In 
general, there are two ways in which such techniques 
may aid seed production. First, they may promote 
rapid growth in newly established fields; secondly, 
they may overcome conditions detrimental to seed 
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production which develop increasingly with the age 
of a field. During the early years of the fields, seed 
production by standard practices of cultivation pro- 
vided a seed yield more than sufficient to warrant the 
expense of standard cultivation. True, the seed yield 
of the fields during the early years might have been 
greatly inereased by special techniques. But, as long 
as their production was satisfactory, it was far more 
important to see what steps could be taken to ensure 
satisfactory seed yield when the fields had aged. It 
has been shown that although varying with different 
species, still with all types, seed yield showed a 
tendency to decline seriously with the age of the 
field. 

The first consideration in this study was to find out 
whether or not cultivation was warranted. And cul- 
tivation might not be warranted were the seed yields 
of a field to decline so rapidly with its age that the 
expense of replanting fields would have to be under- 
gone every few years. Furthermore, after cultiva- 
tion had been shown as feasible, at least in the early 
years of the fields, time did not permit studies of the 
effects of special practices on new fields except inso- 
far as these practices when employed in the establish- 
ment of new fields might affect seed yield in later 
years. There was time, however, to study the more 
pressing problems of how to overcome in older fields 
conditions which developed with age detrimental to 
seed production and also to determine to some ex- 
tent the effect which special practices employed in 
establishing the fields might have on these conditions. 
For these reasons, then, studies of the effects of 
special cultural techniques were confined to a deter- 
mination of their ability either to remedy or to pre- 
vent the adverse influence of sod binding on the seed 
production of older fields. Fertilizing and renovation 
by removal of some of the sod with mechanical 
equipment to reduce the grass density were tested 
as remedial measures. Plant spacing and special 
methods of planting were tested as preventive 
measures. 


FERTILIZING 


In connection with the use of fertilizer, when re- 
sponse to its use is favorable, there are, of course, 
three factors to be considered: the type to use, the 
rate to use, and the time of application. As far as 
the first factor is concerned in connection with grass 
cultivation, nitrogen and phosphorous are the only 
two serious soil deficiencies in eastern central Kan- 
sas, the grower need only determine whether he 
should supply the soil with nitrogen or phosphorous 
or both. With the complete lack of information as 
to the effect of fertilizer on seed production of native 
grasses, or as to what techniques to employ in meas- 
uring this effect, early experiments were inevitably 
elementary in nature and therefore not conclusive 
in result. 

Two PRELIMINARY EXPERIMENTS 
PROCEDURE IN 1940 


A preliminary experiment was conducted as an 
attempt to answer two questions in 1940. Would 


SEED PropucTION OF NATIVE GRASSES 15 


fertilizer have a beneficial effect upon seed yield? 
And, if so, which would have the greater effect, a 
fertilizer containing nitrogen and phosphorous, or 
one containing nitrogen alone? In this experiment 
the 2-year-old and 4-year-old fields of big bluestem, 
little bluestem, side-oats grama, and switchgrass were 
used and eight plots (two sets of four) each 7.5 by 
29.0 feet were set up in each field in a randomized 
block design. To reduce border effect, these plots 
were separated by unfertilized diseard strips equal 
in size to the plots. Ammoniated-phosphate fertilizer, 
11 percent nitrogen and 48 percent phosphoric acid 
(P2035), was applied to some plots at 200 pounds 
per acre and to others at 400 pounds per acre. Am- 
monium sulphate, 20.5 percent nitrogen, was applied 
to still others at the rate of 100 pounds per acre. 
The treatments were applied to duplicate plots in 
each of the eight fields. The fertilizer was broadeast 
by hand on June 26. When seed was mature seed 
stalks were cut with hand sickles and threshed with 
a small nursery thresher. The determinations of F 
values and the minimum levels of significance were 
made by standard analysis of variance procedures 
according to Snedecor (1946). 


RESULTS IN 1940 

This preliminary experiment gave no positive find- 
ings. No noticeable response in the appearance of 
the fertilized plots was observed, and unfertilized 
check plots gave more seed than fertilized plots in 
15 comparisons out of 21 (see Table 3). However, 
the experiment did provide much useful information 
for techniques and procedures used in later experi- 
ments. Significant differences were not found be- 
tween the yields given by the two types of ferti- 
lizers or by the yields given by the two different 
rates of ammoniated-phosphate (see F values in 
Table 3). Because of this lack of difference and be- 
cause of the fact that grasses for the most part are 
stimulated in growth by nitrogen rather than phos- 
phorous, it was decided to employ only nitrogen 
fertilizers in future experiments. Furthermore, some 
indication was received as to when to apply fertilizer. 
Since the fertilizer was not applied until June 23, 
apparently it was used too late in the season for 
favorable results. Later experiments proved the 
validity of this assumption. 

The discovery of some causes for the disappointing 
lack of results was of great importance in the de- 
velopment of an experimental technique to ensure 
results in some way approaching those which might 
be expected from the use of fertilizer. It was found, 
for example, that several of the fields had consider- 
able local variation in fertility. Variation is to be 
expected on sloping areas of residual soil either be- 
cause of variation in depth of soil on slopes or be- 
cause of variation in erosive activity. But the varia- 
tion in the fields under experiment was not from 
these effects; it was caused by the way in which the 
soil had been deposited as alluvium. Cireular areas 
20 to 40 feet in diameter had a higher percentage of 
sand and were much less fertile than other parts of 
the field. Plots which were only 29 feet in length 
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TABLE 3. Effects of fertilizer application upon the 
seed yield of big bluestem, little bluestem, side-oats 
grama, and switchgrass produced by fields differing in 
age at Manhattan, Kansas. Fertilizer applied June 26, 
1940. Seed harvested October 1940. 





Pounds of seed 
produced per acre 
and F values! 


Pounds 
applied 
per acre 


Fertilizer 





4-year 
old plot 


2-year 
old plot 
Big Bluestem 


Ammoniated phosphate. . 400 121 

ditto eS 200 88 

Ammonium sulphate... . . | 100 51 

check plots.......... psc 123 
F values 


1.77 


74d 


Little Bluestem 


Ammoniated phosphate. . 400 213 
ditto | 200 291 
Ammonium sulphate.... . | 100 183 
check plots........... re Fen 
F values 1.76 
Side-oats Grama 


Ammoniated phosphate. . 400 165 
ditto ais 200 215 
Ammonium sulphate... . . | 100 99 
check plots ated ae 221 

| F values 0.18 


Switchgrass 
Ammoniated phosphate. . | 960 21 
ditto 801 8 
Ammonium sulphate.... .| 496 24 
11 


check plots 


F values} 1.93 1.44 


1To be significant in this experiment at the 5 percent level of P the F values 
must equal or exceed 5.91. 


occasionally fell in large part on one of these areas 
of infertile soil. Consequently, an extremely low 
vield of seed was obtained from some plots when 
compared to the average for the field. Therefore, 
experimental errors were very high. In later ex- 
periments long plots were used to overcome this dis- 
crepancy. As these long plots were fertilized by use 
of tractor drawn drill and harvested by use of power 
operated equipment, they could therefore, be handled 
much more efficiently than the small plots which had 
been fertilized, harvested, and threshed by hand 
labor. 


PROCEDURE IN 1944 


Ammonium nitrate fertilizer, 35 percent nitrogen, 
was applied with a fertilizer drill to a strip 24 feet 
by 300 feet in seven fields each containing one of 
the different species of the grasses under study. 
These fields were in their fourth to sixth year of 
seed production. Only one rate of application was 
used, 200 pounds of fertilizer, or 70 pounds of nitro- 
gen, and the application was made on one date, May 
24. Seed of all of the grasses except buffalo was 
harvested with a grain binder and threshed with a 
22-inch grain thresher. Parallel strips of equal size 
were harvested in like manner to determine the yield 
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of seed without the use of fertilizer. A 10-foot strip 
was discarded to reduce border effect between the 
two strips harvested for comparative yield determina- 
tion. Buffalo grass seed from 21 quadrats, each se- 
lected at random and one square meter in size, was 
harvested by hand from both fertilized and unfer- 
tilized strips and threshed with a small nursery 
thresher. The yield of seed per acre was computed to 
provide the same purity of seed for fertilized and 
unfertilized plots. The basis of purity for the dif- 
ferent species was as follows: big bluestem, little 
bluestem, and sand bluestem, 40 percent; side-oats 
grama. 30 percent; and switchgrass, sand lovegrass, 
and buffalo grass, 98 percent. These values of purity 
were average for the species and were used for the 
computation of yield on a comparable basis through- 
out all of the experiments on cultural practices. 


RESULTS IN 1944 


The plots fertilized in 1944 exhibited noticeable 
differences when compared with unfertilized plots of 
all of the grasses under study. The fertilized plots 
had leaves of darker color and had more seed stalks. 
The vield of seed per acre was greater and the seed 
matured 3 days later on the fertilized than on the 
unfertilized plots. The unfertilized plot of 6-year- 
old big bluestem produced 57 pounds of pure seed 
per acre, whereas the fertilized plot gave 92 pounds, 
an inerease of 61 percent. Little bluestem yielded 
960 pounds per acre on the fertilized 6-year-old plot, 
and only 415 pounds per acre on the unfertilized 
plot. Two strains of sand bluestem were fertilized. 
The Coldwater, Kansas strain in a 6-vear-old field 
gave 184 pounds of seed per acre with fertilizer and 
96 pounds without fertilizer. The Clovis, New Mex- 
ico strain in a 6-vear-old field vielded 163 pounds of 
seed per acre with fertilizer and 99 pounds per acre 
without fertilizer. Side-oats grama in a 6-year-old 
field vielded 178.7 pounds of seed per acre with 
fertilizer compared to 146.3 pounds of seed per acre 
without fertilizer. Switchgrass in a 6-year-old field 
produced 85 pounds of seed per acre with fertilizer 
and 24 pounds unfertilized. Sand lovegrass seed 
production was inereased 44 percent by the appli- 
eation of fertilizer—333 pounds of seed per acre 
compared to 252 pounds in a 4-vear-old field. Buffalo 
grass gave 225 pounds of seed per acre with fer- 
tilizer and 99 pounds without fertilizer in a 4-yvear- 
old field. 

These results clearly established the fact that nitro- 
gen fertilizer would help overcome the deleterious 
effect of sod binding on seed yield. The result in the 
ease of sand lovegrass was not so marked in this con- 
nection, for though the field was 4 vears old, this 
grass, as noted in Part I, did not show the same 
tendeney as other grasses to become sodbound. With 
the exception of the buffalo grass field which was 
4 years old, all the other fields were 6 years old and, 
as the yield figures for the unfertilized plots show, 
these fields had deteriorated markedly in yield be- 
cause of sod binding. The beneficial effect of fer- 
tilizer having now been established by this second 
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preliminary experiment, it was, then, desirable to 
determine the most effective method for its use. To 
do this, it was necessary to conduct an experiment 
of practical significance to determine the most effi- 
cient rate of application and the optimum date for 
applying. 
EXPERIMENT TO DETERMINE RATE AND TIME OF 
APPLICATION 


PROCEDURE 


An experiment was earried out to determine the 
best rate and time of applying ammonium nitrate 
fertilizer to 5-year-old fields of all species under 
study except sand bluestem. For each grass two sets 
of plots, seven in each set, each plot 12.5 feet wide 
by 300 feet long, were set up in a randomized block 
design. Diseard strips, which were not fertilized and 
which were equal in size to the plots, were left be- 
tween plots to reduce border effect. Each set was 
treated in the same way. April 15, the approximate 
date of earliest growth, fertilizer was applied to three 
plots at the rates of 30, 60, and 120 pounds of nitro- 
gen per acre, respectively. May 15, a date half way 
between the time of earliest growth and the beginning 
of seed stalk development, a fourth plot was treated 
at the rate of 60 pounds per acre. June 15, the 
approximate time of first seed stalk development, a 
fifth plot received the same application. A sixth plot 
was treated with 30 pounds per acre April 15 and 
again June 15. A seventh plot was left unfertilized. 


RESULTS 


Rate of Application 


30 pounds of nitrogen per acre.—This rate did not. 


appear sufficient completely to supply the nitrogen 
requirements for any of the six species included in 
the test although it gave an increase in average seed 
yield over unfertilized plots for four of the five 
grasses as shown in Figure 4 and for buffalo grass 
as given in Table 4. The increase was only statis- 
tically significant for little bluestem, big bluestem, 
and buffalo grass (Figure 4). For some unaccount- 
able reason the mean yield of plots of side-oats grama 
receiving 30 pounds of nitrogen per acre was sig- 
nificantly less than the mean yield of the unfertilized 
check plots. 

60 pounds of nitrogen per acre-——-When applied 
April 15 this rate was optimum for most of the 
grasses included in the test (Figures 4 and 5 and 
Table 4). It gave the highest yield of seed for any 
fertilizer treatment applied to little bluestem, switch- 
grass, big bluestem, and side-oats grama. The in- 
crease in the average amount of seed from 60 pounds 
of nitrogen applied April 15 over unfertilized check 
plots was significant for all six grasses used in this 
experiment (Fig. 4 and Table 4). With little blue- 
stem, seed production was more than doubled by use 
of this fertilizer treatment. The additional 203 
pounds of seed per acre resulting from fertilization 
cost only 34% cents per pound, the expense of the 
fertilizer and its application, a cost less than one- 
fifth of the normal value of the seed. 
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TABLE 4. Buffalo grass as influenced by application 
of different rates and dates of nitrogen fertilizer (am- 
monium nitrate) with regard to yield of air-dry hay, 
weeds, and seed per acre, hand harvested; yield of seed 
per acre, machine harvested; and percentage of effi- 
ciency of harvesting machine. Plots harvested July 25, 
1945. 





FERTILIZER APPLICATION Yretp!, Pounps per ACRE, AIR-DRY 





Efficiency 
| | Seed of the 

Lbs. N.! Biot __| harvesting 
per | Hay? | Weeds? | machine 

| | Hand4 | Machine5| in percent 

| | harvested) harvested 


868 | 105 12.9 
26.2 
38.3 
18.9 
19.3 
10.9 
22.7 


2380 | 836 


202 | 469 | 123 
2073 | 514 | 459 | 176 
| 


544 103 
431 | 83 
331 | 36 
335 | 76 


2613 | 1420 


for significance at | 
5 percent level... | 





Minimum difference | 
| 
| 


567 45 21 
| | | 





1Yields for hay, weeds and hand harvested seed are from the same plots. 
2F equals 7.44 which exceeds 4.28 required for P at 5 percent point. 

3F equals 15.12 which exceeds 8.47 required for P at 1 percent point. 

4F equals 47.92 which exceeds 8.47 required for P at 1 percent point. 

5F equals 60.67 which exceeds 8.47 required for P at 1 percent point. 


The highest yield of buffalo grass seed harvested 
by All-Crop combine was obtained from plots re- 
ceiving 60 pounds of nitrogen on April 15 (Table 
4). In these plots there was a greater abundance of 
seed stalks and taller seed stalks than in plots where 
30 pounds of fertilizer was applied. On the other 
hand, plots receiving 120 pounds of nitrogen on 
April 15 supported a heavy growth of weeds (Table 
4 and Fig. 6) which reduced the efficiency of the 
harvesting machine. Although more seed developed 
where the greatest amount of nitrogen was applied, 
as shown by the hand harvested plots, weeds inter- 
fered with the threshing operation so that less seed 
was obtained by the harvester from those plots than 
from plots receiving 60 pounds of nitrogen. There- 
fore, it would seem advisable to apply 60 pounds of 
nitrogen in April instead of heavier rates until better 
means of weed control are available or machinery is 
devised to harvest seed efficiently when heavy weed 
growth is present. 

120 pounds of nitrogen per acre-—Sand lovegrass 
responded favorably to the application of 120 pounds 
of nitrogen per acre if the total yield of seed alone 
was considered. However, some lodging of the sand 
lovegrass occurred although the season was not con- 
ducive to the lodging of this species. Since sand 
lovegrass is particularly liable to lodging even with- 
out fertilization it does not seem advisable to rec- 
ommend the 120 pound rate. Side-oats grama gave 
slightly less seed where 120 pounds of nitrogen was 
applied than where 60 pounds was used. The results 
of this experiment indicate that the rate of 120 
pounds is not as favorable as the medium rate of 60 
pounds. 
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Fig. 4. Seed production of five species of native grasses as influenced by use of nitrogen fertilizer (ammoni- 
um nitrate) at different rates, expressed as pounds of nitrogen (N) per acre, and time of application. Mini- 
mum level of significance at the 5 percent point is 52 pounds for little bluestem; 49, sand lovegrass; 12, switch- 
grass; 23, big bluestem; and 11, side-oats grama. Results obtained in 1945, Soil Conservation Service nursery, Man- 


hattan, Kansas. 
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A. Big bluestem which had not received nitrogenous fertilizer. Seed stalks were sparse and the pro- 


duction of seed wis low. B. Big bluestem which received ammonium nitrate fertilizer (60 pounds of nitrogen per 
acre) on April 15, 1945. Seed stalks were numerous and the production of seed was much greater than from 


unfertilized plots. 


Fig.6. A field of buffalo grass grown for seed pro- 
duction. The plot on right was not fertilized. The plot 
on left received ammonium nitrate fertilizer (120 pounds 


of nitrogen per acre) on April 15, 1945. Weeds had 
been clipped in early summer but they made consid- 
erable summer growth on the fertilized plot. Buffalo 
grass seed production was much higher on the fer- 
tilized plot. Photographed July 25, 1945. 


Time of Application 

April 15.—The application of 60 pounds of nitro- 
gen on this date proved to be the most effective for 
all of the grasses in the test. In all eases the in- 
crease in the amount of seed from this treatment over 
the unfertilized check plots exceeded the least sig- 
nificant mean difference at the 5 percent level (Fig. 
4 and Table 4). 

May 15.—The same amount of nitrogen applied 


Photographed October 3, 1945. 


on this date instead of April 15 gave much less seed 
for all of the grasses except little bluestem. With 
little bluestem the yield of seed was less but not 
enough different to be significant at the 5 percent 
level. 

June 15.—In general, the least response from fer- 
tilization, was obtained from application on this date. 
Little bluestem and switchgrass fertilized at this late 
date produced even less seed than that obtained from 
the unfertilized check plots. Buffalo grass reacted in 
a peculiar way to this late fertilizer treatment. Vege- 
tative growth was greatly stimulated but seed yield 
was not increased. As the seed stalks were quite well 
developed and many of them were flowering when the 
fertilizer was applied June 15, the treatment had but 
little effect on the number or the height of the seed 
stalks. An adverse effect of fertilizer was the in- 
crease in weed growth on the plots. Both because 
cf this increase and of the inerease in vegetative 
growth, machine harvesting on July 25th was least 
efficient for the plots fertilized at that late date. 
On the contrary, efficiency was highest for those 
plots fertilized on April 15. 

April 15 and June 15,—It was clear from the re- 
sults obtained that the split application of 60 pounds 
on these dates was not as effective as the single appli- 
cations of 60 pounds April 15 (Fig. 4 and Table 4). 
It was only the first part of the split application, 30 
pounds on April 15, which was effective. This con- 
clusion is clearly borne out by the faet that, with all 
of the species except sand lovegrass, the split appli- 
cation gave more seed than the single application on 
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June 15 of 60 pounds. And the yields from the split 
applications did not differ significantly from the 
yields from the single applications on April 15 of 
30 pounds (Fig. 4 and Table 4). 


REACTION OF PLANTS TO FERTILIZATION 
PRODUCTION OF FERTILE TILLERS 


Nitrogen fertilizer promoted seed production of big 
bluestem by inereasing the percentage of fertile till- 
ers. The total number of tillers and the number of 
tillers which were bearing seed were determined for 
plots which had received varying amounts of nitro- 
gen. The results as given in Table 5 show that the 
difference in the total number of tillers was not 
statistically significant for the different treatments. 


TABLE 5. Mean number of tillers of big bluestem per 
eight feet of row for different fertilizer treatments, 
mean number of fertile tillers per eight feet of row, and 
percentage of tillers producing seed as determined in 
October 1945. Fertilizer applied April 15, 1945. 





Mean num- | Mean num- | Percentage 





Pounds of ber! of tillers ber? of fertile | of tillers 
nitrogen per 8 feet | tillers per | producing 
per acre of row 8 feet row seed 

Check plots, no | 
fertilizer...... 603 +110 51 8.46 
ieee 617+102 | 89 | 14.50 
Se ae 634+ 87 | 121 19.10 
SR POL SS sr ewass 514+ 96 | 164 31.91 





1Means not significantly different, F value of 1.67 is less than 3.24 required 
for significance at the 5 percent level of P. 
_ 2Means are significantly different, F value of 29.72 exceeds 5.29 required for 
significance at the 1 percent level of P. Least significant mean difference at 5 
percent level is 26 tillers, and at 1 percent level is 36 tillers. 


However, significant differences were found in the 
number of tillers which produced seed. With each 
increment of nitrogen the percentage of fertile tillers 
was increased, ranging from 8.46 percent for the un- 
fertilized plots to 31.91 pereent for plots which had 
120 pounds of nitrogen applied April 15. 

The effect of nitrogen on tiller production of for- 
age grasses has been reported by other investigators. 
Rappe (1939) reported on the application of nitro- 
gen fertilizer at different rates to smooth stalked 
meadow grass. The fertility of the shoots ranged 
from only 2.1 percent to an average of 27.2 percent. 
Fertility was highest in the first year ley, where the 
largest amounts of nitrogen had been applied. In 
the third, fourth, and fifth year leys, fertility was 
highest where 20 kg. and 40 kg. of nitrogen had been 
applied. In the case of bromegrass findings have 
been somewhat conflicting. Watkins (1940) found 
that nitrogen fertilized plots produced the highest 
percentage of fertile shoots; however Harrison and 
Crawiford (1941) reported that nitrogen did not in- 
crease the number of fertile tillers but merely the 
number of barren tillers. 


PRODUCTION OF CARYOPSES 


A determination of seed set was made for the vari- 
ous fertilizer plots to determine whether there was 
any difference in the percentage of florets contain- 





Ecological Monographs 

Vol. 20, No. 1 
ing caryopses as the result of fertilizer treatments. 
Although some differences existed, they were not sig- 
nificantly different. The value of F was 1.42 for the 
experiment which was less than the 3.22 required for 
probability at the 5 percent point. The differences 
were due to chance and cannot be attributed to the 
effect of the fertilizer. 


DISCUSSION OF FINDINGS AND OF RELATED STUDIES 


The results of the experiments with fertilizer show 
that the grasses under study were stimulated in seed 
production by the application of nitrogen fertilizer 
early in the growing season. This finding verifies the 
conclusions of other investigators who have studied 
the effect of fertilizer upon the production of grass 
seed. Aldous and Duley conducted some of the first 
experimental work in Kansas with nitrogen for in- 
creasing grass seed production. Aldous (1932) re- 
ported: “Different fertilizer treatments were applied 
to brome grass in Washington County in an effort 
to correct the sod bound condition of the meadows. 
Nitrate fertilizer was most effective in remedying 
this condition. Sodium nitrate applied at the rate 
of 150 pounds per acre increased the seed produc- 
tion from 101 to 270 pounds per acre.” It has long 
been recognized that grasses respond to nitrogen for 
forage production. But it is now being realized that 
the seed yield of grasses can be increased through 
the use of nitrogen as fertilizer. 

Cajlachjan (1944) concluded that, contrary to the 
generally accepted idea that an increase in the nitro- 
gen supply prevents all plants from entering the 
flowering and fruiting phase, there are a number in 
which nitrogen stimulates these processes. He found 
that although a diet rich in nitrogen inhibited flower- 
ing and fruiting in mustard and oats, and had no 
apparent influence on these processes in buckwheat, 
soybean, and hemp, this diet accelerated them in 
perilla, millet, lupine, and lettuce. 

The findings of several investigators would indi- 
eate that nitrogen rather than phosphorous or po- 
tassium, is the element which increases the seed yield 
of forage grasses. North and Odland (1934) found 
the yield of seed of Rhode Island Colonial bentgrass 
was influenced chiefly by the amount of nitrogen 
applied, whereas phosphorous and potash had little 
effect. With high applications of phosphoric acid 
and potash, without a corresponding application of 
nitrogen, the yields were depressed. Lodging oc- 
eurred with high applications of nitrogen. DeFrance 
and Odland (1942) reported the average yield of 
velvet bentgrass seed for three seasons ranged from 
60 pounds per acre on the check plot to 109 and 115 
pounds where the 6-10-3 and 6-6-1 ratios were ap- 
plied. Nitrogen was the most effective nutrient in 
increasing seed yield. Burton (1944) found nitrate 
of soda (16 percent nitrogen) applied at the rate 
of 500 pounds per acre was as effective as 4-8-4 fer- 
tilizer at a 2,000-pound rate in increasing the yield 
of seed in Paraquay Bahia grass. 

Churchill (1944) found that brome grass requires 
a large amount of nitrogen, and if this is lacking, a 
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low yield of seed results. He recommended the use 
of 200 pounds of ammonium sulfate per acre on 
cultivated plots and 400 pounds of ammonium sul- 
fate per acre on broadeast plots if lodging is not a 
factor. Jones (1939) found a need for the use of 
large amounts of saltpetre manure for timothy seed 
production in Norway. Windus (1943) found an 
increase in seed yield of Lolium italicum with ap- 
plication of nitrogen. 

The importance of the time of application of 
nitrogen fertilizer as it affects the production of seed 
of grasses cannot be overemphasized. In these stud- 
ies, the April application was better than the same 
rate applied in May or June. In certain cases, when 
nitrogen was applied too late in the season, the yield 
of seed was even lower than on the control or check 
plots. These results confirm those obtained by Harri- 
son and Crawford (1944) who reported that brome- 
grass seed production was increased by application 
of ammonium sulfate in April and that while June 
application produced marked increase in vegetative 
growth it had little influence on the yield of seed. 


Nore ON MipGE INFESTATION ENCOUNTERED 
DuRING FERTILIZER EXPERIMENT 


During the making of seed set determinations for 
the fertilized plots of big bluestem in 1945, the lar- 
vae of an insect were found to be occupying the cen- 
tral part of 13 percent of the florets in the place of 
caryopses. Infestation appeared to be higher for 
certain plots; so the data were analyzed statistically 
to see if significantly greater damage was caused to 
seed production by the insect where fertilizer treat- 
ments had been applied, Although the percentage of 
infestation ranged from 10 to 26 for the plots the 
differences between treatments were not statistically 
significant giving an F value of 1.75 for analysis of 
variance whereas 3.22 was required for P at 5 per- 
cent level. 

In size and appearance the larvae resembled the 
caryopses of big bluestem. They were filled with an 
orange-colored liquid. Larvae were sent to the Di- 
vision of Cereal and Forage Insect Investigations, 
United States Department of Agriculture, Washing- 
ton, D. C. for identification which was reported to 
be impossible without the adult stage. Attempts to 
rear adults from the larvae in the laboratory were 
futile. Mr. C. T. Greene stated that, although the 
larvae superficially resembled the sorghum midge, 
Contarinia sorghicola described by Walter (1941), it 
was more similar to larvae of the genus Sitodiplosis. 
A midge of this genus has damaged the wheat crop in 
the Pacific Northwest as reported by Recher (1945). 


PLANT SPACING 


PROCEDURE 
An experiment with little bluestem in 1940 and 
1941 gave information regarding the effect of plant 
spacing upon the production of seed. The plots were 
0.005 aere in size, 7.5 feet wide by 29.0 feet long, and 
they were replicated twice in a randomized block de- 
sign. Different spacings of rows and of the plants 
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in the rows are listed in Table 6. Seed was planted 
in the rows April 20, 1941. The seedlings were 
thinned to the desired spacings on May 25, approxi- 
mately three weeks after emergence at which time 
the seedlings averaged one inch apart in the rows. 
Weeds were controlled by tractor cultivation and 
hand hoeing. Seed was harvested by cutting the 
seed stalks with hand sickles and by threshing in a 
small nursery thresher. 


TABLE 6. Effect of spacing upon production of seed 
of little bluestem. Rows planted April 20, 1940. Plants 
thinned May 25. The yield of seed is presented for 1940 
and 1941. Plots are 0.005 acre in size. 





YIELD OF SEED, PouNnbs 


Distance PER AcRE, 40 PERCENT 


Spacing within between PuRITY 
rows, inches rows, inches |———-—_—_—-__§—___—- 
19402 1941? 
ee 15 249 8S 
Beis cn tte data 30 157 | 196 
Epa De as ais OG 30 60 183 
| a Pe Pee 30 27 281 
CROs 30 22 | 409 
Sere 30 | 23 296 
Least significant 
mean difference 
at 5 percent | 
(i oe Re 40 56 


1These rows were not thinned, plants approximately 1 inch apart. 
_ 2F value for 1940 data is 65.55 and for 1941 data is 47.32. Both F values are 
highly significant exceeding 8.75 necessary for significance at 1 percent point of P. 


RESULTS 

The greatest yield of seed was obtained the first 
season, 1940, from the dense, unthinned stands. Rows 
15 inches apart with seedlings approximately one 
inch apart in the rows gave 249 pounds of seed per 
acre (Table 6). This yield was over eleven times 
that obtained from rows 30 inches apart with seed- 
lings thinned to a 24-inch spacing. As shown in 
Table 6, the amount of seed progressively decreased 
as the spacing of plants increased for this first sea- 
son while the plants were still relatively small in 
crown development, and competition for soil moisture 
and nutrients was comparatively low. 

In 1941, the production of seed was greatest in the 
plots having wider spacing of rows and plants than 
by the plots with closely spaced rows and plants. The 
greatest average yield of seed, 409 pounds per acre, 
was obtained from plots with rows 30 inches apart 
and with plants 24 inches apart in the rows. The 
lowest average production was from 15-inch rows 
and unthinned plants which gave only 88 pounds of 
seed per acre. 


DISCUSSION OF FINDINGS AND OF RELATED STUDIES 


The results of this experiment are similar to those 
reported by other investigators who have studied the 
effect of spacing upon seed production of forage 
grasses. Daniel, Elwell, and Cox (1945) obtained 
higher seed yields of side-oats grama from plants in 
21-inch rows (69 pounds per acre) than from broad- 
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east sowing (37 pounds per acre) or from plants in 
42-inch rows (57 pounds per acre). Little bluestem 
produced 56 pounds of seed per acre from broad- 
cast plot; 189 pounds per acre from 21-inch rows; 
and 240 pounds per acre from 42-inch rows. Gran- 
tham (1941) studied plant spacing in connection 
with Harding grass, reporting the pounds of seed 
per acre for four treatments as follows: block sow- 
ing, 25.8; rows 2 feet apart, 71.6; rows 3 feet, 71.2; 
and rows 4 feet, 87.9. Churehill (1944) obtained 
twiee as much seed per acre from bromegrass (200 
pounds) grown in rows and cultivated as eompared 
to broadeast plots (90 pounds). Evans (1937) 
stated that yields from the seed crop of ryegrass for 
wide drills were significantly greater than from the 
broadeast areas. 


DIFFERENT METHODS OF PLANTING AND 
WEED CONTROL 


PROCEDURE 

In 1941 a 5-year experiment was initiated for two 
purposes—first, using standard farm equipment to 
compare the efficiency of three different methods 
of planting in establishing native grasses; second, to 
determine the effect of weed control upon seed pro- 
duction. To accomplish the first purpose plots were 
planted with corn planter, corn lister, and grain drill. 
This equipment was entirely standard except for the 
fact that in the seed boxes of the corn planter and 
corn lister special plates were used to give the rate 
of planting desirable for the grasses. Big bluestem, 
little bluestem, side-oats grama, and switchgrass were 
selected for the experiment. Large plots, 45.0 feet 
wide and 193.6 feet long, were necessary to facilitate 
the operation of the field machinery and to provide 
a discard strip of 5 feet along each edge of the plots 
to reduce border effect. The limited acreage available 
for this experiment precluded repl'cation of the plots. 
Seed was harvested by the use of an All-Crop com- 
bine during the 5-year period. 

On one plot shallow furrows approximately 2 
inches deep and 30 inches apart, were made by the 
use of a corn planter with runner type openers. This 
implement left the interval between the rows in a 
fairly level condition. 

On a second plot deep furrows were made and 
seed was planted in the bottom of the furrow by use 
of a corn lister which cut to a depth of 5.inches. The 
ridge thrown up between the 42-inch rows had a 
height of about 10 inches when measured vertically 
from the top of the ridge to the bottom of the furrow. 
The plot was cultivated by use of a horse drawn cul- 
tivator once per season for partial control of weeds. 
This cultivation served to reduce the height of the 
ridge and the plot was practically level by the sec- 
ond year. 

On a third plot close-drilled surface rows were 
made by use of a grain drill with single dise openers 
spaced 7 inches apart. The plot was not cultivated. 
Row spacing as close as 7 inches prevented the use 
of any horse or tractor drawn equipment for culti- 
vation. 
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To accomplish the second purpose of the experi- 
ment, determination of the effect of weed control 
upon seed production, a second plot of shallow fur- 
rows was established in the same manner as the first 
shallow furrowed plot deseribed above. Weeds were 
controlled on this second plot by cultivation three 
times per season with a tractor cultivator and by the 
hend hoe:ing in m‘d-summer of weeds which had es- 
caped the cultivator. Weeds in the first plot, on the 
other hand, were only partially controlled by one 
cultivation in early summer each year by horse-drawn 
cultivator. 

Starting in 1943 the first part of the experiment, 
the comparison of methods of planting, was repeated 
for a 2-year period. Because of a shortage of area 
only big bluestem and little bluestem were used and 
the second part of the experiment, the determinat:on 
of the effect of weed control, was not attempted 
again. The same methods were employed as in the 
1941 experiment, the only exception being that a 
slightly different row spacing was emploved (com- 
pare Tables 7 and 8). 


RESULTS 


SHALLOW FURROW PLANTING 

Of the three methods of planting, shallow furrows 
proved to be decidedly the best for all grasses except 
little bluestem. The reason for the success of this 
method of planting was that with the wide spacing 
of the rows the plants did not have a tendency to be- 
come sod bound. Little bluestem, however, does not 
readily become sod bound even when the plants are 
closely spaced, and therefore its yield from close 
drilled surface rows was greater than from shallow 
furrow. Big bluestem planted in shallow furrows 
gave a 5-year average yield of 35 pounds of seed per 
acre (Table 7). Little bluestem averaged 44 pounds 
per acre. Side-oats grama gave 89 pounds and 
switchgrass produced 20 pounds. For results of the 
1943 experiment see Table 8. 

DEEP FURROW PLANTING 

Use of the corn lister for planting the four spe- 
cies of grass in this experiment gave unsatisfactory 
results. The average yield for all four species was 
very low (Tables 7 and 8) when planted in deep fur- 
rows. The principal reason for the low yield was 
the failure to obtain satisfactory stands of grass. 
Although the seed was not covered deeply at the 
time of planting, it received an additional covering 
of soil carried down from the sides of the furrow 
during rain storms. This additional covering of ap- 
proximately 2 inches of soil on the seed made it im- 
possible for most seedlings to reach the surface. The 
little bluestem planted in 1943 by this method wes a 
complete failure. Switchgrass withstood the deep 
covering of soil better than the other three species. 
One advantage of the deep furrows is the distinet 
marking of the location of the rows so that they 
may be easily followed during cultivation with either 
horse or tractor cultivator. Rows in shallow furrows 
became indistinct and difficult to follow during eul- 
tivation the first season. The grass seedlings were 
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TABLE 7. 


grass with regard to number of seedlings per square meter for initial establishment (1941), 
inclusive. 


and yield of seed in pounds per acre, 1941 to 1945, 
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Effects” of method-of-planting test upon big bluestem, little bluestem, side-oats grama, and switch- 
basal density (1945), 
Plots were planted May 1941. 











Seep YIELD, PoUNDS PER ACRE 


Number | —— - ——_—____—_—— 
Method of planting seedlings Basal | 1945 5-year 
and row spacing | per sq. density a Se —| average 
meter 1945 in 1941 1942 1943 1944 No 30 Ibs. N } 
| (1941) perc ent fertiliser per acre 
Big bluestem (basis 40 percent pure seed) 
Close drill 7im.......... | 19.7 | 19.8 | — 0.9 | 31.7 13.1 8.8 11.3 11.0 
Deep furrow 42in.......... 9.3 7.5 _ 1.5 14.9 49.5 18.3 20.9 17.5 
Shallow furrow 30 in.......... 5.20 | 13.5 - 4.5 36.1 15.8 56.1 62.8 35.1 
(weedy) | | 
Shallow furrow 30 in..........| 34.8 16.3 74.6 | 111.6 90.4 72.8 37.3 61.4 74.7 
(cultivated) | | | 
Little bluestem (basis 40 percent pure seed) 
Close drill fe) eee 1.4 - aes _ 159.0 33.7 | 272.9 | 303.5 | 128.2 
Deep furrow ee 0.1 = — — 10.0 49.9 38.1 83.9 30.3 
Shallow furrow 30 in.......... 0.4 | - - — 17.4 19.9 105.3 121.8 44.1 
(weedy) 7 
Shallow furrow 30 in.......... 14.5 _ | 69.2 398.2 | 148.8 95.6 | 285.6 | 381.5 229.8 
(cultivated ) | | 
Side-oats grama (basis 30 percent pure seed) 
Close drill See | 16.3 27.0 _ 18.3 3.4 27.4 61.4 98.6 | 34.8 
Deep furrow ee 10.7 | 5.2 _ | 13.6 21.8 47.8 43.6 84.7 35.3 
Shallow furrow 30 in.......... 8.1 | 15.9 =" 1) uel 40.4 91.7 | 171.4 | 208.1 88.6 
(weedy) 
Shallow furrow 30 in.......... - - | 282.1 | 241.2 184.8 107.6 179.0 | 273.1 | 211.3 
(cultivated) | | | | | | | 
Switchgrass (basis 98 percent pure seed) 
Close drill Of er atee 33.3 - — 13.5 7.5 0.4 | 9.0 | 12.2 | 7.1 
Deep furrow 42in.......... 18.6 _ = 2.3 1.4 | 0.4 | 4.8 | 14.1 3.8 
Shallow furrow 30 in.......... 23.8 _ = 69.1 | 34.6 | 0.2 3.1 | 10.8 | 19.6 
(weedy) , | ba | | 
Shallow furrow 30 in.......... _ _ | 66.4 | 224.1 | 36.8 85.8 | 38.4 | 65.5 | 86.2 
__(cultivated) ; be dated DS, Bee TEE ees ~ 








TABLE 8. The yield of seed from big bluestem and 
little bluestem planted by three different methods, May 











1943; harvested October, 1945. 
Yield of 
Species Method of Row spacing, seed, pounds 

planting inches | per acre 

Big bluestem | Close drill | 8 27.4 

Shallow furrow 30 52.1 

Deep furrow 36 3.1 

Little bluestem | Close drill 8 181.9 

: | Shallow furrow 30 138.4 

Deep furrow 36 0.0 





small whereas weeds were so numerous and vigorous 
that the rows of seedling grass plants were incon- 
spicuous. 
CLOSE DRILLED SURFACE ROWS 

Two of the grasses, switchgrass and big bluestem, 
became sod bound after their second and third sea- 
son, respectively, when planted in close drilled rows. 
Therefore, much less seed of these two species was 
obtained over the 5-year period from plots planted 
in close drilled rows than from plots planted as 30- 
inch rows (Table 7). There was a great difference 








in size of panicles of switehgrass from 7-inch, 30- 
inch, and 42-inch rows as shown in Figure 8. This 
difference in size of panicle illustrates the difference 
in degrees of competition among the switchgrass 
plants in the three different row spacings. Great dif- 
ferences were easily seen in the number and height 
of the seed stalks for big bluestem in 30-inch rows 
compared to 7-inch rows for the 1941 planting (Fig- 
ure 7). As another example of contrast, in the 1943 
planting nearly twice the amount of big bluestem 
seed was obtained from 30-inch rows as from the 
8-inch rows (Table 8). However, in this same test it 
was found that little bluestem gave more seed from 
the 8-inch rows when harvested in 1945 than from 
the 30-inch rows. Little bluestem responded different- 
lv from big bluestem and switchgrass when planted 
in close drilled rows. As pointed out in Part I of 
this paper little bluestem did not become sod bound 
as quickly as the sod forming grasses. This experi- 
ment confirms that observation because the 1941 
plot of little bluestem wh'ch had been planted -in 
close drilled rows was producing more seed at the 
end of the 5-year period than at any previous time. 
In this connection, however, it should be noted that 
little bluestem, being slow spreading, required one 
year longer than the quick-spreading spec:es to be- 
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come sufficiently well established to compete satis- 
factorily with the weeds. It was not until the third 
season after planting (1943) that a crop of seed was 
obtained from the little bluestem planted in 1941, 
(Table 7). 


Fig. 7. Big bluestem plot on left was planted April 
20, 1941 in rows spaced 30 inches apart. Plot on right 
was planted the same day with grain drill in rows spaced 
7 inches apart. Wide spacing promoted greater seed 
stalk production and higher yield of seed. 

Photographed October 3, 1945. 


Fig. 8. Size of switchgrass inflorescences as influenced 
by competition among plants. Three panicles of switch- 
grass on left (A) from plot planted with grain drill, 
close rows with 7-inch spacing; at center (B) from plot 
planted with corn lister, wide spacing with 42 inches 
between rows; and on right (C) from plot planted with 


surface rows, 30-inch spacing between rows. This dif- 
ference in size of panicle should not be considered ,as 
an indication of the production of seed per acre. Pan- 
icles were so few in plot planted with corn lister that 
the yield of seed was unsatisfactory. 


WEED CONTROL 
The greatest yield of seed for all species of grass 
in the experiment was obtained from the plots 
planted as rows 30 inches apart in shallow furrows, 
cultivated, and weeded (Table 7). Big bluestem 
grown by this method averaged 75 pounds of seed 
per acre for the 5-year period. This yield was twice 
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that produced by the plot of big bluestem planted in 
the same manner but cultivated only once per sea- 
son and with no additional control of weeds by hoe- 
ing. Little bluestem planted in clean tilled shallow 
furrows produced 230 pounds of seed per acre, 
whereas the untilled shallow furrow plot gave only 
44 pounds per acre. Side-oats grama averaged 89 
pounds in the untilled shallow furrow plot compared 
to 211 pounds from the tilled plot. The amount of 
switchgrass seed was over four times as much from 
the clean tilled plot, 86 pounds per acre, as from the 
untilled plot which produced only 20 pounds of seed 
per acre for the 5-year period. 

The only plots in the experiment which produced 
seed for harvest the first season were those with 30- 
inch rows in shallow furrows, cultivated and hoed 
for weed control. On account of heavy weed growth 
the first season on other plots, it became necessary 
to clip the weeds twice during the summer to prevent 
an excessive loss of grass seedlings owing to their 
inability to compete successfully with the weeds. 
Many more grass seedlings per unit area were estab- 
lished the first season on the clean tilled plots than 
on the weed infested plots. The most important 
weeds the first year were as follows: crab grass, Digi- 
taria sanguinalis; pig weed, Amaranthus species; 
lambs-quarter, Chenopodium album; and other simi- 
lar annual weeds. Mares tail, Erigeron canadensis, 
was the most serious weed after the second and third 
year of grass establishment. Mares tail gave greater 
competition than the other weeds because it started 
earlier in the spring and grew above the grass. The 
coarse vigorous plants interfered with seed harvest. 


CONCLUSIONS 


This experiment justifies three conclusions: (1) 
native grasses were effectively planted by common 
farm equipment, (2) the most effective method of 
planting was in shallow furrows approximately 2 
inches deep and 30 inches apart made by the use 
of a corn planter with runner type openers, and (3) 
a greatly increased seed yield should be obtained if 
weed control were practiced. 


BURNING 


PROCEDURE 


In 1943 one-half of a 3-acre field of switchgrass, 
5 years old, was burned in late April and the remain- 
ing half was left unburned as a check area. The soil 
was wet from a recent rain; so the crowns were not 
injured. The field was backfired, then burned with 
the wind to give a fairly hot fire. It was cultivated 
twice during early summer. The seed was harvested 
by an All-Crop combine. 

In 1945 a portion of the buffalo grass seed produc- 
tion field was accidentally burned in early April. 
Burning was known to be harmful to buffalo grass 
but the effect upon seed production had not been re- 
ported. Therefore, seed yields were taken from hand 
harvested one-meter quadrats to determine the effect 
of burning. Ammonium nitrate fertilizer had been 
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applied to a strip across the burned area at the rate 
of 30 pounds of nitrogen per acre. It was possible 
then to make a comparison of seed production by 
buffalo grass unburned, burned, and burned and 
fertilized. 


RESULTS 

Seed yield of switchgrass——The yield of seed per 
acre by the unburned switchgrass was 190 pounds 
compared with 250 pounds by the burned. Thus, 
burning gave an increase of 32 percent. 

Some difficulty was encountered in cultivation of 
the unburned portion of the field, due to its clogging 
of the cultivator with crop residues of the previous 
year. Mares tail weeds were a problem. Although 
cultivation removed the weeds from between the rows 
in both portions of the field, the burning was effec- 
tive in reducing the number of weeds, particularly 
mares tail, that occurred in the rows. 

Seed yields of buffalo grass ——The yield of seed was 
greatly reduced by burning buffalo grass. The un- 
burned portion of the field produced 303 pounds of 
seed per acre compared to 79 pounds from the burned 
portion. The yield from buffalo grass which was 
burned and fertilized with 30 pounds of nitrogen per 
acre was 246 pounds. If seed production of the un- 
burned portion is considered as 100 percent, the 
yield of seed after burning was 26 percent, and after 
burning plus fertilizer 81 percent. 


DISCUSSION OF FINDINGS AND OF RELATED STUDIES 
The seed production fields of all species except 


buffalo grass were burned in late April each season. 
It was observed that, in small areas within the fields 
which accidentally escaped burning, cultivation was 
less effective owing to interference from crop residue 
of the previous season, the vigor of the grass was 
slightly reduced, and the yield of seed was less from 
these unburned portions of the field as compared 


to the burned areas. These observations were con- 
firmed by the switchgrass burning experiment. 

Burning of all species except buffalo grass in late 
spring was found to be a helpful practice in the 
management of the grass fields for seed production 
because it facilitated cultivation, stimulated growth 
of the grass, and reduced the number of weeds in 
the rows. In winter the crop residue of the previous 
season served a useful purpose in catching and hold- 
ing snow. But if permitted to remain on the field 
after April the crop residue of the previous year 
proved to be of no value and often a hindrance to 
cultivation. 

Burning is also considered desirable for disease and 
insect control. In the report of the United States 
Agricultural Experiment Stations (1945) it was 
stated that burning fescues in Pennsylvania in the 
spring, before or at the time of new growth, con- 
siderably reduced injury from silver top or white 
ear, a fungus difficult to control and, as a result, in- 
creases of 80 to 100 pounds of seed per acre were 
obtained on burned over unburned plots. This in- 
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crease, at current seed prices, practically covered 
production costs, 

Burning would be highly undesirable on land with 
sufficient slope to cause erosion, but as such land 
usually has not the requisite fertility for efficient 
seed production and can most profitably be used for 
grazing or hay it will generally not be used for 
raising seed. Burning of level fertile areas suitable 
for seed production will cause no damage. Fields 
should be burned in spring for stubble should re- 
main during the winter to hold snow and thus in- 
crease the soil moisture reserve. The proper time 
for burning is just before spring growth begins, usu- 
ally about April 15, when the soil and crowns of the 
grass plants are wet, preferably following a rain. 

The loss of organic matter, an important loss in 
burning residue from annual grain crop production, 
is not a problem in forage crop seed production. 
Aldous (1934a) states, “The accumulation of or- 
ganic matter and total nitrogen in prairie grassland 
is governed more by root development than by the 
accumulation of surface material.” Therefore, as 
burning only destroys the top growth, it does not 
result in an appreciable loss of soil organic matter 
in the case of perennial plants whose root systems 
are extensive. Very likely if the level of soil organic 
matter is low when the perennial grass is planted 
the soil organic matter will increase due to the addi- 
tions through root development of the perennial 
grasses whether burning is practiced or not. There 
will be some loss of nitrogen by burning, but this 
may be considered as insignificant. 

The production of buffalo grass seed was definitely 
decreased by burning. The height growth of buffalo 
grass is less if the previous top growth is closely re- 
moved. The buffalo grass vegetative growth and 
height of seed stalks was approximately 60 percent 
of that in the unburned plots. This decrease reduces 
the efficiency of harvesting because any seed borne 
on seed stalks less than one-half inch in height was 
lost even in hand harvesting the plots. 

Part of the stimulation from burning the tall and 
mid grasses likely results from a warmer soil in the 
burned plots. This warmer soil probably results in 
more nitrogen being made available for plant growth 
and seed production. As buffalo grass seed produe- 
tion occurred within 3 months after the burning was 
done, approximately 2 months earlier in the season 
than the other grasses studied, it is probable that 
the extra available nitrogen may have been too late 
to benefit the buffalo grass seed production. 

It is evident that burning will not stimulate seed 
production in all grasses. This conclusion is in line 
with other findings from studies to determine the 
effect of burning on forage grass seed production. 
Burton (1944) found burning greatly increased seed 
yields of Bahia grass and Bermuda, had no effect 
upon seed yields of ribbed paspalum, and actually 
reduced the yield of carpet grass seed. Biswell and 
Lemon (1943) report that burning stimulates seed 
stalk production of many of the important native 
forage plants of the southeastern states. 








RENOVATION 
PROCEDURE 

As previously pointed out in this paper, fields of 
the native grasses maintained over a period of a few 
years for seed production became sod bound. This 
sod-bound condition appeared as a decadent state of 
the grass turf and developed as the density of the 
grass inereased. A tenable explanation of this phe- 
nomenon is that the amount of nitrogen available to 
the plants is insufficient to meet their needs. Some 
of the nitrogen is incorporated into the organic mat- 
ter of the various parts of the grass plants, living 
and dead, and so is rendered unavailable for imme- 
diate future use by the plants. Then, too, as the 
density of the turf increases and the amount of nitro- 
gen needed by the grass crop inereases the soil is 
unable to supply enough available nitrogen to keep 
up the vigor and productiveness of the grass espe- 
cially as far as seed production is concerned. It was, 
therefore, deemed advisable to study the possibility 
of employing some mechanical means of reducing the 
density of the sod in order to attain a balance be- 
tween the supply of nitrogen available to the grass 
crop and the amount of available nitrogen required 
to produce the greatest yield of seed. 

A single row corn lister without moldboard was 
adjusted to eut 6 inches deep from ground level, and 
was used in November 1944 to eut furrows at right 
angles to the grass rows. These furrows, approxi- 
mately 15 inches wide, were made at intervals of 42 
inehes. An amazingly tough tenacious mass of roots 
held the soil together so that when the lister cut 
through the rows it scattered large chunks of sod 
throughout the plot. These sods interfered serious- 
ly with the operation of the cultivator and the com- 
bine during the following season. This roughening 
of the field must be considered as a distinet disad- 
vantage of mechanical renovation, at least with a 
corn lister. 

The cutting of furrows resulted in a reduction of 
approximately 30 percent in the density of grass. 
Plants were killed not only by being removed from 
the rows in sods but also by being covered by the 
sods in the areas adjacent to the furrows. Two plots, 
each 36.0 feet by 162.5 feet were renovated, one in a 
4-year-old field of big bluestem and one in a 4-year- 
old field of little bluestem. At harvest time in 1945 
an area of equal size adjoining the renovated plot 
was harvested separately from the rest of the field 
for comparison of seed production. 


RESULTS 


Renovation stimulated seed production markedly. 
Although the year 1945 was unfavorable for big 
bluestem seed production over twice the amount of 
seed was obtained from the renovated plot, 22.4 
pounds per acre, as from the untreated plot which 
gave 10.4 pounds per acre. An excellent increase 
was obtained with little bluestem, 238.8 pounds pe: 
acre as compared to 139.9 pounds from the untreated 


area. 
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DISCUSSION 


There is certainly need for extensive study of the 
use of mechanical equipment in renovating fields of 
grass to increase seed production. Enough experi- 
ments have been done in the Great Plains area to 
indicate that mechanical renovation of grassland to 
increase forage production is successful under cer- 
tain conditions. Probably this success has been due 
as much to the increased water penetration and soil 
moisture resulting from renovation as from an in- 
ereased availability of nutrients. The cursory experi- 
ment reported here indicates that mechanical renova- 
tion may likewise result in increased seed production. 
Furthermore, the study would seem to indicate that 
in the case of seed production the greater availability 
of nitrogen resulting from renovation may be a more 
important factor than increased water penetration 
and soil moisture supply. Beeause the fields used in 
this experiment consisted of fine sandy loam and 
were reasonably level, there was no appreciable loss 
of water without renovation. 

Further research should be conducted to determine 
the amounts of renovation and fertilization which 
can be profitably used together in the management 
of fields of grass for seed production. The problem 
of developing suitable equipment for renovation pur- 
poses also needs solution. Although the rotary tiller 
was not tested in this experiment an implement of 
this type would appear to promise the best results. 
Disk and spike tooth harrows were tried but they 
failed to give sufficient penetration into the tough 
turf to be effective. 


SUMMARY 


Seven species of native grasses were grown for 
studies of seed production at the Soil Conservation 
Service nursery near Manhattan, Kansas, within the 
9-year period, 1937-1945, inclusive. The years for 
which seed production was determined for the seven 
grasses and the average yields of seed per acre for 
that period were as follows: big bluestem, 1937-1945, 
97 pounds; little bluestem, 1937-1945, 125 pounds; 
sand bluestem, 1938-1945, 55 pounds; side-oats 
grama, 1937-1945, 146 pounds; switehgrass, 1937- 
1944, 117 pounds; sand lovegrass, 1940-1945, 147 
pounds; and buffalo grass, 1941-1942 and 1944-1945, 
216 pounds. 

Productive stands in native grasslands throughout 
Kansas were harvested only in favorable years during 
the 9-year period. In more than half the years, for 
any one species, there were no stands productive 
enough to warrant harvesting. Results were as fol- 


lows: 

Average number Number of 

pounds per acre harvestable crops 

for harvestable during the 

crops 9-year period 

Big bluestem ............... . 81 3 
Little bluestem ............ may 5 
Side-oats grama ..... oe aa 2 
Switehgrass ........... . 55 2 
Sand bluestem ... Wate 1 
Sand lovegrass 76 2 
Buffalo grass ..... 52 4 
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The different grasses usually did not produce har- 
vestable crops of seed in the same years nor in the 
same part of the State. Therefore, the yields cannot 
be directly compared but may be considered as an 
indication of the yielding ability of the grasses in 
favorable seasons in native grasslands 

Seed production was found to depend upon favor- 
able soil moisture, moderate air temperature, and 
fairly high humidity, The last two factors were im- 
portant in both pollination and seed development. 
Distribution of rainfall was an important factor 
influencing seed production. Critical periods were 
from 4 to 6 weeks before flowering until 2 weeks 
after flowering. For the various grasses these periods 
were as follows: bluestem grasses, August and Sep- 
tember; side-oats grama, June and July; switchgrass, 
mid-July to mid-September; sand lovegrass, August 
and September; and buffalo grass, May and June. 

Seed set, the percentage of florets containing ma- 
ture caryopses, was higher under cultivation than in 
native grasslands except in the case of buffalo grass. 
The following figures give the average set of seed 
in native prairie and under cultivation: 


Cultivated fields 
41.1 
54.6 


27.2 
7 


22.7 


66.2 


Native prairie 
3ig bluestem 
Little bluestem 
Sand bluestem 
Side-oats grama 
Switchgrass 


The results presented here indicate only to a limited 
extent the difference in the ability of the grasses to 
set seed in native prairie and under cultivation. The 
seed set figures for native prairie and cultivation ean- 
not be directly compared because the two conditions 
under which the seed was produced differed in the 
ecological factors of soil and weather. Seed was col- 
lected from native prairie in several different parts 
of the State while it was harvested under cultivation 
only at the nursery near Manhattan. In the case of 
buffalo grass, false smut in the grass seed grown 
under cultivation reduced the number of caryopses 
per bur below that of seed harvested from native 
grasslands in drier parts of the Great Plains. Seed 
under cultivation had only 71 ecaryopses per 100 
burs. There were 132 caryopses per 100 burs for 
seed from native grasslands. 

Seed production was found to decline seriously 
after the third or fourth season. Apparently, this 
was due to a lack of available nitrogen. Nitrogen 
fertilizer stimulated seed production of all of the 
species if applied early enough in the growing sea- 
son. Application of ammonium nitrate on April 15 
gave a higher yield of seed than later applications 
made at the same rate. In general, 60 pounds of 
nitrogen per acre gave the best response. 

The effect of plant spacing upon seed production 
of little bluestem was determined. Seed production 
the first season was greatest from the dense un- 
thinned stands in 15-inch rows. But, as a result of 
plant enlargement by tillering and consequent erowd- 
ing, dense stands gave an unfavorable yield the next 
season. The highest yield of seed the second season 
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was produced by plots in which the plants were 24 
inches apart in 30-inch rows, 

Plots of big bluestem, little bluestem, side-oats 
grama, and switchgrass were planted with standard 
farm equipment. The greatest production of seed 
for all four species came from plots seeded by a 
corn planter in shallow furrows, spaced 30 inches 
apart, which were cultivated three times per season 
and weeded once. The second highest production, 
for all species except little bluestem, was from plots 
planted in a similar manner but cultivated only once 
per season. Little bluestem gave a higher average 
yield from close-drilled surface rows spaced 7 inches 
apart planted by a grain drill, than from the second 
method given above. It exceeded the other three 
species for this type of planting because little blue- 
stem, a bunch grass, beeame sod bound less quickly 
than the sod forming grasses when grown in close 
spaced rows. Unsatisfactory results were obtained 
from use of the corn lister because soil from the 
ridges washed by rains to cover the rows too deeply 
for satisfactory emergence of seedlings. 

Clearing the land by burning the plants in late 
April stimulated seed production of all of the grasses 
except buffalo grass. Experiment showed that switch- 
grass produced 32 percent more seed when burned, 
but that buffalo grass seed production was reduced 
to 26 percent of that on the unburned plots. 

Renovation by uprooting part of the sod in 4-year- 
old fields inereased the yield of big bluestem 115 per- 
cent and little bluestem 71 percent. 
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THE LIFE HISTORY OF THE SLIDER TURTLE, 
PSEUDEMYS SCRIPTA TROOSTII 
(HOLBROOK) 


The objective of this research was the completion 
of researches exploring those phases of the life his- 
tory of Pseudemys scripta troostii (Holbrook) that 
could be studied in the field. The investigations, ini- 
tiated in 1937, have involved the analysis of turtle 
populations in Illinois, Tennessee, Louisiana, Missis- 


sippi and Texas. 

The author expresses his thanks to the University 
Council on Research of Tulane University for re- 
search grants, and to the many students at the Uni- 
versity of Southern Illinois and Tulane University 
without whose aid in field work these investigations 
could not have been completed. I am especially in- 
debted to Lendell Cockrum, Julius Swain, Philip 
Smith, Allan Chaney, Samuel Arny, and Virginia 
Milazzo. 


Fig. 1. The distribution of black pigmentation in an old male. 


DESCRIPTION 

The members of this subspecies, Pseudemys scripta 
troostii, are characterized by the presence of a wide 
bright red line extending from the eye posteriorly to 
the rear of the head and by the presence of black 
oval blotches on each plastral plate. The males be- 
come melanistic and in old age may be entirely 
black (Fig. 1). The melanistic male was accepted as 
a distinct species, Pseudemys troostii Holbrook, until 
Viosea (1933) pointed out that the type of P. troo- 
stii was a male of the same species as the female 
that furnished the type of Pseudemys elegans. 

Northward from Louisiana populations of P. s. 
troostii are not affected by intergradation with re- 
lated subspecies but in Louisiana intergrades with 
Pseudemys scripta scripta oceur to the east. and inter- 
grades with Pseudemys scripta gaigeae to the west. 


All indications of the light pattern of the 


young male have been obliterated by the deposition of dark pigment. 
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RANGE 


This subspecies ranges north to northern Illinois 
and Indiana; eastward to central Ohio and south- 
ward along the western border of the Appalachians 
to the coast; westward through southern Iowa and 
southwestern Nebraska and southward to the central 
part of Texas (Fig. 2). An introduced population 
is established in Crystal Lake, Muskegon County, 
Michigan (Edgren 1943, 1948). The development of 
isolated populations outside the established range 
may be anticipated as a result of the release of “pet 
turtles.” 


| | 


Fig. 2. The distribution of Pseudemys scripta troostii. 
The diagonal lines indicate zones of intergradation 
with P. scripta scripta to the east and P. scripta gaigeae 
to the west. 


There is a broad zone of intergradation with Pseu- 
demys scripta scripta extending from eastern Lou- 
isiana through southern Mississippi and Alabama to 
western Florida. Carr (1940) remarks that inter- 
mediates between P. s. scripta and P. s. troostii are 
frequently found in the Apalachicola drainage. In 
eastern Louisiana only occasional individuals have 
expressions of P. s. scripta characters. 

Westward from central Louisiana the influence of 
P. s. gaigeae is evident. Some individuals from cen- 
tral Louisiana have the postorbital bar narrowed 
anteriorly (Fig. 3; sp. 797) and about 5% of the 
individuals from northwestern Louisiana have the 
anterior half of the postorbital bar clearly separated 
from the posterior section. Similarly the plastral 
blotches are most elongated in individuals from 
northwestern Louisiana. This trend toward isolation 
of a large red postorbital spot and elongation of 
plastral blotches is continued to central Texas. (Fig. 
3; specimens 1451, 1459.) Of 12 individuals taken 
from the Guadalupe River at Kerrville, Texas in 
1947, five have an isolated oval black bordered red 
dot back of the eye (Fig. 3, specimen 1459). Ham- 
ilton (1947) suggests that P. s. gaigeae is restricted 
to the Rio Grande drainage in the United States and 
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intergrades with P. s. troostii to the north. The status 
of the Texas gulf coast populations is not clear but 
Hamilton suggests that P. s. cataspila-troostii inter- 
grades may occur in that area. 


TULAN 
woe Saey TULANE 797 


TULANE 1459 TULANE 1451 


Fie. 3. Variation in the head markings of turtles. 
The wide postorbital bar becomes narrow anteriorly and 
then breaks to form an isolated black bordered blotch in 
western populations (1459). From New Orleans east- 
ward to Mississippi the postorbital bar becomes nar- 
rower and loses the bright red coloration characteristic 
of populations to the west (1327, 797). Northward in 
the Mississippi Valley from New Orleans, all the turtles 
retain a wide, bright red postorbital stripe. 


Males from the gulf coast apparently become 
melanistic at a smaller size than those of Tennessee 
and Illinois. The smallest melanistic (all juvenile 
pattern obliterated) male from eastern Texas was 
10 em. in length; the smallest from Tennessee and 
Illinois was 13 em. in length (Fig. 1). 

The P. s. troostii populations of Louisiana are 
thus influenced by P. s. scripta in the east, P. s. 
gaigeae and P. s. cataspila to the west. Population 
samples adequate to clarify the status of the gulf 
coast populations are now being accumulated in the 
Tulane collections. Intergradation of these popula- 
tions cannot be satisfactorily analyzed from small 
series of specimens. As preliminary observations 
suggest significant differences in the life history pat- 
terns of P. scripta scripta, P. s. troosttt and P. s. 
gaigeae, information recorded in Texas and Missis- 
sippi is not reported. 


PROCEDURES 


COLLECTING 


Turtles were collected by trapping, shooting, and 
hand collecting. Trapping, the most productive meth- 
od, was done with hoop nets, box traps, or basking 
traps depending on the type of waters being trapped 
and the regularity with which traps could be exam- 
ined. Hoop nets were the most satisfactory for col- 
lecting. Many types were used experimentally. A 
net supported by 3, 36-inch steel hoops was the most 
successful. Such nets, provided with a mesh adequate 
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for holding small turtles, a square throat in one end 
and a purse string at the other, were supported by 
steel or wood spreaders extending between the first 
and third hoop. They could be set very rapidly and 
were easily transported by truck or boat. 

Box traps made of wood frames covered with 1- 
inch mesh chicken wire or net were used in two 
Illinois lakes where traps were operated consistently 
for 2 years. These traps had a wire or net throat 
in one end and a removable section in the other for 
inserting bait and removing the turtles. They could 
be used in water 8 inches to 1 foot deep where hoop 
nets could not be used. 

Basking traps were used only when it was not 
possible to examine the traps regularly. These traps 
were constructed of a square wood frame from which 
was suspended a net or wire bag (Fig. 4). The inner 
edges of the wood frame were covered with inclined 
pieces of sheet metal which prevented turtles in the 
trap from crawling out. Boards attached at an angle 
permitted turtles to craw] out of the water to bask. 


ty 
a 


Fig. 4. A basking trap. Turtles crawl up the inclined 
boards to bask and plunge into the trap when disturbed. 
The smooth sheet metal sides prevent their escaping 
from the net bag suspended below the water. 


When leaving the basking station, they would plunge 
into the trap from which they could not escape. 
Turtles could remain in the trap for long periods 
as both food and air were available. Such traps are 
commonly used along the Mississippi River by com- 
mercial fishermen. 

Trapping results are influenced by water tempera- 
ture, availability of food, water turbidity and phase 
of annual activity ecyele in progress. Results vary 
with trap location, bait, type of trap and the time of 
day the trapping period includes. Systematic trap- 
ping is difficult because of the lack of accurate in- 
formation on these factors. 

Trapping success varied extensively. In one Lou- 
isiana lake a year’s trapping yielded less than 0.01 
turtle per trap hour. Another lake yielded 16 turtles 
per trap hour. These trapping results will be indi- 
cated where required in the report. 

Hand collecting was necessary to supplement trap 
records as traps did not take a reliable sample of 
hatchlings or one-year olds. These were captured by 
collectors wading in shallow water and watching for 
the disturbance made by the sudden withdrawal of 
heads. Hatchlings may be collected in abundance 
during early spring. 


THE Lire History OF THE SLIDER TURTLE 35 


Another type of hand eollecting, “noodling” or 
“muddling,” produced excellent results in late sum- 
mer or winter. The slider turtles tend to remain in 
a drying lake or stream as long as water is present. 
This tendency results in concentrations of these 
turtles during dry seasons. A short stretch of drain- 
age ditch in Illinois yielded 2,000 turtles in 3 days; 
another small stock pond produced 300 as fast as 
collectors could pick them up and sack them. 


FIELD OBSERVATIONS 
Field observations were essential to interpreta- 
tion of many aspects of the life history. Two 20- 
foot high towers were built in the shallow water of 
the city lake, Carbondale, Illinois for routine observa- 
tions on feeding behavior, basking, territorialism, 
and courtship. These towers permitted the observer 
to watch the activities of turtles in shallow water 
within fifty feet of the tower. Observations from 
shore shelters in Louisiana and Illinois supplemented 

the data recorded from these towers. 


RETENTION OF DATA 


All individuals collected were either marked and 
released or examined by dissection. Those marked 
for release were measured, weighed, photographed 
and, after being marked, returned to the area from 
which they were collected (Cagle 1944a, 1946). All 
measurements were made with an instrument pre- 
viously described (Cagle 1946). The following meas- 
urements were recorded: 


Carapace length—maximum length 

Carapace width—maximum width 

Plastron length—maximum length 

Plastron width—maximum width 

Height—maximum height 

Plastral annuli—maximum length of each annulus 
on the plastral plates 


All measurements of the plastron and carapace were 
recorded to the nearest millimeter; plastral annuli 
measured to the nearest tenth of a millimeter. 

The carapace and plastron were photographed on 
16 mm. Kodachrome film and this filed for reference 
when the individual was recovered. Reeovery of 
these individuals provided information on growth, 
home range, migration and development of color 
pattern. 

Dissection provided data basie to determination of 
sex, attainment of sexual maturity, annual reproduc- 
tive cycle, reproductive potential, and food habits. 
A ecard prepared for each turtle indieated the cara- 
pace length, width and height, plastron length and 
width, sex, weight, stage of melanism, gonad size and 
weight, follicle diameters and size of eggs in the 
oviducts. If the stomach contained food, it was 
separately preserved and a stomach analysis card 
prepared. 

The plastron length is used throughout this report 
to indicate size. Carapace length and weight do not 
satisfactorily reflect size variation (Cagle 1946). 
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MARKING SYSTEM 


The system of notching marginal plates previously 
described (Cagle 1939) has been followed. This per- 
mitted the investigator to identify each turtle. The 
slow refilling of these notches was evident in turtles 
recovered after 3 years of freedom, but the marks 
of adults recaptured after 8 years were still evident. 

Small juveniles were also marked by clipping toes. 
This, supplementing the carapace marks, provided 
additional aid in identification. 

HISTORY 


THE LIFE 


HABITAT 


Trapping results furnish a basis for definition of 
the preferred habitat. During 1937 traps were so 
distributed in one Illinois lake as to obtain a measure 
of the distribution of individuals within the lake. 
Only those traps set in shallow waters (less than 5 
feet deep) with abundant vegetation produced many 
turtles. An oceasional large adult was collected in 
deep water. Traps operated in 2 other Illinois lakes 
and in 12 Louisiana lakes produced similar results. 
The turtles are reluctant to enter deep or unprotected 
waters; only the larger adults venture to do so. 

Traps set in streams took turtles only in slow 
moving waters or sheltered inlets. Enormous con- 
centrations of individuals were often found in quiet 
vegetation-crowded inlets while none were present in 
the open, deeper adjacent waters. These turtles are 
present in numbers in small ponds, streams and 
roadside ditches throughout their range. Pools deep 
in the southern swamps support large populations. 

The major needs are sunlight, aquatie vegetation 
and shallow, quiet water. Aquatic vegetation is not 
essential. Large populations often occur in barren 
roadside ditches and stock ponds. The food require- 
ments are flexible. 


CouURTSHIP 


The elaborate courtship act of the male turtle was 
never seen from its initiation to successful copula- 
tion, but the observations may be combined with 
previously reported information to provide a basis 
for outlining the entire courtship performance. Most 
of these observations were made from the towers in 
Illinois and in the display tanks of the Audubon 
Park Zoo, New Orleans. 

The sexually active male maintains a constant 
search for females during daylight hours. Males are 
extremely persistent. One large melanistic individual 
patiently courted a female (Fig. 5) for more than 
four weeks in one of the aquarium tanks. Marked 
males studied in Illinois were in almost constant pur- 
suit of females during the one month period they 
were studied. 

On no occasion was a male observed to pay court- 
ship to another male or a juvenile female. Males 
often swam toward another male but appeared to 
recognize the sex when within a few feet and did 
not attempt courtship. As adult females are not 
strikingly different in any way from juveniles, it 
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is necessary to conclude that the sex is recognized 
through the behavior pattern or by a chemical sense. 
The precise mechanism of sex recognition is unknown. 
Three or four males may attempt to court the 
same female simultaneously. Each maneuvers so as 
to reach a position directly in front of and facing 
the female. Once this position is attained the fore 
feet are placed close together (Figs. 5, 6) and the 
long claws vibrated against the female’s head. The 
maintenance of this position appears to be difficult 
as the female continues to swim forward making it 
necessary for the male to use his hind feet to swim 
backwards, a reversal of the usual movement (Fig. 
7). A female desiring to avoid a male does so by 
swimming rapidly or withdrawing her head and 
sinking to the bottom. Observations of the male 
vibrating the claws against the head of the female 
have been reported by Taylor (1933) and Conant 
(1938). 
A male approaching a female swims slowly beside 
her then by a rapid movement of one fore foot and 
a simultaneous braking movement of the other swings 


Fig. 5. The smaller turtle, a male, is moving into a 
position from which the next phase of the courtship can 
be continued. The rear feet are being used to brake 
the forward movement and the fore limbs are being 
brought together for the titilation of the female’s head. 
The female is not responding. 

Fic. 6. The melanistic male is attempting to reach a 
position in front of the female. Compare the alternate 
movement of the rear legs with that of the male in Fig. 
2. This female is responding to the male in the typical 
manner. Her head is extended in his direction and will 
follow him as he assumes a position directly in front of 
her. 
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in front of her (Figs. 5, 6). This is obviously the 
most difficult part of the courtship act and many 
males could not successfully perform it. Such males 
sometimes attempt to titilate the female from a later- 
al position (Fig. 5). 

Males exhibited only a slight tendeney toward 
fighting even when several were competing for the 
same mate. The larger males were usually successful 
over their smaller competitors because their very mass 
prevented the smaller turtles from reaching the 
courtship position. An occasional male snapped 
rather sluggishly at another crowding him exces- 
sively but such actions were exceptional. 

If the female is receptive, she swims at a slow 
pace that permits the male to reach and maintain a 
position directly in front of her from which he ean 
perform the act of titilation. She often moves her 
head in slow lateral sweeps with the male changing 
his position to keep his claws touching her head. 
Finally she sinks to the bottom where she retreats 
slowly with the male following her, or the male may 
immediately assume a position directly over her, 
clasp her carapace with all four claws, bend his head 
downward to touch hers, and curl his tail downward 
in an attempt to place the cloacae in contact. This 
final phase was never observed in its entirety. 

There is a striking difference in the courtship pat- 
tern of individuals of the two forms, Pseudemys 
scripta troostit and Pseudemys floridana mobilensis. 
Both are common in southeastern Louisiana. Phases 
of the courtship of both were observed in the field 
and the aquarium. Several of each species were 
placed in a large white tile pool in August, 1946 in 
the hope that courtship could be observed. Males 
began pursuing females during the last days of Sep- 
tember and continued courtship through October and 
November. 

The males of each species had a characteristic ap- 
proach to the female. The slider male always at- 
tempted to win a position in front of the female, but 
the mobilian male always approached from above 
and behind the female and attempted to maintain a 
position just above her from which he could vibrate 
his claws against her head (Fig. 8). Males frequently 
tried to court females of the opposite species, but 
such females always avoided the improper courtship 
approach. Mobilian males were thus always unsuc- 
cessful in courting slider females and slider males in 
courting mobilian females. Marchand (1944) re- 
ported that the males of Pseudemys floridana suwan- 
niensis approached the females from behind and did 
not titilate the head of the female with the fore claws. 

This difference in courtship pattern may have been 
an important factor in isolation of these two species. 
The courtship difference is probably adequate to 
prevent copulation. 

The requirements for successful fertilization are 
not known. Agassiz (1857) believed that two copula- 
tions every year for four successive years were neces- 
sary to stimulate ovulation and to fertilize the egg. 
The experiments of Barney (1921) and the often 
reported presence of motile sperm in the oviduets of 
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Fig. 7. The male has reached a favorable courting 
position and is vibrating the claws against the female’s 
head. The female is swimming slowly forward and the 
male backward. Note the position of the rear legs of 
this male in swimming backwards and contrast with 
the position of the female’s legs. 

Fic. 8. The courtship of the male, Pseudemys floridana 
mobilensis. The males of this species consistently ap- 
proach the females from this position. 


winter collected females suggest that a single copu- 
lation may make it possible for a female to lay 
repeated clutches of fertile eggs. 

REPRODUCTIVE POTENTIAL 

The success of this species is not a result of a high 
reproductive potential. The number of eggs produced 
in one clutch is small compared to that of other 
turtles oceupying the same habitat. Cahn (1937) 
states that the average number of eggs is 15 to 18 
but that he found one nest containing 23 eggs. 
Others have reported nest counts of 5 to 22 eggs 
(Taylor 1935, Cagle 1939). The number in 129 nests 
examined in southern Louisiana varied from 2 to 
19, mean 7. The nest egg number in Illinois and 
Tennessee was somewhat higher. In 102 nests exam- 
ined in Illinois the number of eggs ranged from 
4-18, mean 9.3. In 47 Tennessee nests the number 
was 5-22, mean 10.5. 

Females captured during the egg-laying season 
were examined by palpation of the abdominal cavity 
and those containing ovidueal eggs were opened for 
study. Of 67 females examined in Illinois, the small- 
est (15.8 em.) contained 5 eggs, the largest (26.0 em.) 
contained 20 eggs, mean 9.2+.26 eggs (mean size of 
females 20.25 em.). Of 59 females examined in Lou- 
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isiana the smallest (15.9 em.) contained 4 eggs, the 
largest (22.0 em.) contained 11 eggs; mean 7.6+.24 
(mean size of females 19.1 em.). The difference be- 
tween these samples is not significant. There was a 
correlation (r=0.74) of the number of eggs with 
plastron length in 126 females. 

The oviduects of 7 females, 1 from Illinois and 6 
from Louisiana, contained small, yolkless eggs 3 mm. 
to 10 mm. in length with well developed shells. No 
such eggs were found in nests. 

The long egg-laying season, April-July, suggests 
that females may deposit repeated clutches. This 
has been reported for other turtles. Mitsukuri (1895) 
observed that the Japanese soft-shelled turtle 
(Trionyx japonicus) deposited as many as four 
groups of eggs each season. Hildebrand (1932) states 
that the diamond-back (Malaclemmys) may lay only 
once or as many as five times each year. Derani- 
yagala (1939) noted that the soft terrapin (Lissemys 
punctata granosa) and the starred tortoise (Testudo 
elegans) of Ceylon lay several groups of eggs within 
a few weeks. It is generally accepted that marine 
turtles may lay several clutches each season (Moor- 
house 1933; Deraniyagala 1939). 

The repeated observation of the presence of large 
ovarian follicles in those females containing oviducal 
eggs suggested that successive broods might be de- 
posited. Weights of ovaries of females having ovidu- 
eal eggs show a progressive mean decrease in weight 
during the egg-laying season. The ovarian weight 
of 13 females collected in May ranged 28.1-42.0, mean 
35.05 grams; 10 in June ranged 18.3-37.4, mean 22.72 
grams; 6 in July ranged 7.8-15.4, mean 11.6 grams. 
Ovaries of many large Louisiana and Illinois fe- 
males examined in September and October were 
devoid of follicles greater than 2 mm. in diameter 
but others contained follicles greater than 10 mm. in 
diameter. There was no constant relation between 
plastron length and size of ovarian follicles or ovari- 
an weight in fall-collected turtles. Of 40 females 
having a plastron length greater than 15 em. exam- 
ined from Lake Glendale, Illinois in November 1947, 


Weight of Right Ovary 
$ 
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Plastron Length 
Fig. 9. The relation of weight of the right ovary to 


plastron length in turtles collected from Illinois, No- 
vember, 1947. 
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21 had follicles larger than 5 mm. in diameter and 
ovarian weights greater than 12 grams (Fig. 9). 
Many Louisiana females examined in October and 
November retained only one set of enlarged follicles. 
As the ovarian follicles of a spring female usually 
appear as 3 or 4 distinct size groups, it appears that 
several clutches may be deposited in one season. If 
3 elutches are deposited each season, the annual 
mean reproductive potential might approximate 30 
eggs per season. 


Eacs 


The eggs are exceedingly variable in size but are 
always ovoid in shape (Fig. 10). Since the size and 
relative dimensions of the egg changes with the prog- 
ress of incubation only measurements of eggs ob- 
tained by dissection are used to indicate size varia- 
tion. The eggs of Louisiana females averaged some- 
what larger than those from Illinois turtles. A sample 
of 221 Illinois eggs ranged from 30.9 to 43.0 mm. 
in length, mean 36.2; 19.4 to 24.8 mm. in width, 
mean 21.6; and from 6.1 to 15.4 grams in weight, 
mean 9.71 (Cagle 1944b). A sample of 406 eggs 
from Louisiana turtles ranged from 23.5 to 44.2 mm. 
in length, mean 37.7; 18.4 to 24.6 mm. in width, 
mean 22.6; and 9.0 to 14.0 grams in weight, mean 
11.10. There is no significant correlation of the size 
of eggs with plastron length. Cahn (1937) states 
that 121 eggs from nests ranged from 34.0 to 38.5 
mm., mean 37 in length, and 21 to 23.5 mm. in width, 
mean 22.0. Taylor (1935) measured 2 broods of eggs 
from nests in Kansas and found them to be 37.0 to 
39.8 mm. in length and 21.0 to 23.8 mm. in diameter. 





Egg 
number 10 is of average shape but eggs shaped as are 
11, 1 and 7 are not rare. 


Fig. 10. Variation in size and shape of eggs. 


The eggs have a flexible white shell with the cal- 
cium grains regularly distributed. When first de- 
posited the shells are flexible but become more rigid 
as water is absorbed. With the progress of incu- 
bation the eggs increase in size, often to the extent 
that they are crowded tightly in the nest cavity and 
molded into odd shapes (Fig. 12). 

Although no weight records were made of eggs dur- 
ing the process of incubation, an increase in size and 
weight is suggested by the measurements of 122 eggs 
taken ‘from Louisiana nests in June, 1947 and 97 
taken in July, 1946. The measurements do not re- 
flect the extent of difference in size between an ovi- 
dueal egg and one near hatching but do suggest 
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differences between ovidueal eggs and those 1-4 weeks 
old. The 122 collected in 1947 ranged 28.8 to 44.7 
mm., mean 39.12 in length; 20.0-26.0 mm., mean 21.9 
in width. The 97 eggs examined in 1946 ranged 32.5- 
40.6 mm., mean 36.9 in length; 19.3-30.9 mm., mean 
22.6 in width. It has been reported that the eggs of 
Chelydra, Malaclemys, Chrysemys and Terrapene 
may inerease 15% to 37% in weight as a result of 
water absorption (Cunningham & Hurwitz 1936, 
Cunningham & Huene 1938, Lynn & Von Brand 
1945). 

The female may hold eggs in the oviduct for many 
weeks when no favorable nesting sites are available. 
The embryonic development of such eggs is inhibited. 
Lynn & Von Brand (1945) state, “If the eggs are 
retained in the oviduct for unusually long periods 
they practically cease development during this time, 
possibly because of anaerobic conditions, and there- 
fore eggs removed directly from the oviduct are all 
at the same stage even though the dates of removal 
may be several weeks apart.” 

The retention of eggs for long periods may cause 
much damage to the oviduct. Of five females kept in 
water through the nesting season, three had the ovi- 
ducts severely eroded. Cagle & Tihen (1948) report 
a female chicken turtle, Deirochelys reticularia, in 
which eggs had penetrated the oviducal wall and 
entered the abdominal eavity. 


THE EGG-LAYING PERIOD 


The length of the egg-laying period may be deter- 
mined from an analysis of field notes and dissection 
records. Of 57 Illinois females containing oviducal 
eggs, 1 was collected during the last few days of 
April, 30 in May, 17 between June 1 and 15, 3 be- 
tween June 15 and 30, 5 between July 1 and 15, and 
1 on July 17. Although females were examined dur- 
ing these months from 1937 to 1940, none were ob- 
served to contain eggs earlier or later than these 
dates. Cahn (1937) states that this turtle deposits 
its eggs from mid-June to the end of the first week 
in July in Illinois. Eggs are laid during about the 
same period in western Tennessee and Kentucky. 
Eggs were deposited in the vicinity of Reelfoot Lake, 
Tennessee until July 24, and eggs more than three 
weeks old were collected June 23 (Cagle 1937). A 
correspondent from Hickman, Kentucky who had 
collected turtles for fifteen years informed me that 
the turtles start laying about the first of May and 
lay until June. 

In 1946 an area of land near Waggaman Pond, 
New Orleans, was selected for a systematie study 
of turtle nesting. This area was examined at fre- 
quent intervals during the period April to July in 
1946 and 1947. Field studies in other nesting areas 
and dissection of trapped turtles supplemented the 
data obtained from the Waggaman Pond plot. Nu- 
merous trial holes were observed in the plot April 
15, 1946 but no eggs were present until Apr‘] 20. 
Nests were added regularly until mid-June when 
nesting activity reached a maximum. Seattered nests 
were added until the last week of July. No earlier 


or later nests were observed in other areas. 
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Turtles were examined by dissection from several 
Louisiana lakes in the summer of 1946-47. Of 180 
adult females examined from April to August, 59 
contained ovidueal eggs. These were distributed as 
follows: May 6-7, 1946 Waggaman Pond, 12, 11 with 
eges; June 16, 1947, Lutcher, 17, 1 with eggs; June 
18, New Roads, 50, 20 with eggs; June 22, 1947, 
Lake Bistineau, 26, 15 with eggs; June 27, 1947, 
Caddo Lake, 35, 7 with eggs; July 16, Waggaman 
Pond, 7, 5 with eggs; July 25, 1947, Lake Arthur, 
9, none with eggs; July 30, 1947, Lacassine Refuge, 
24, none with eggs. These data indicate that the 
Louisiana egg-laying season extends from late April 
to mid-July. An oceasional female may lay eggs as 
late as August. Freshly constructed nests have been 
reported by egg collectors during that month. 

Turtles retained in captivity may deposit eggs at 
irregular periods. This results from the ability of 
the female turtle to retain the eggs within the ovi- 
ducts for many weeks when no favorable nesting 
site is available (Cagle & Tihen 1948). 


NEST 

The eggs are deposited in a hole exeavated by the 
female with her hind legs. The exeavation of the 
nest has been described by Taylor (1935), Grant 
(1936), and Cagle (1937). All recorded observations 
on nest construction are in general agreement. The 
female exeavates a hole by seratching with the hind 
feet. If the earth is hard, she releases fluid from 
the cloacal bladders to soften it. Onee a hole is dug 
to a depth of 1-4 inches, the hind feet are used al- 
ternately to enlarge the cavity to form a jug-shaped 
nest. The excavation of 18 different nests took 26 
to 187 minutes; the longer period may have been 
required by females disturbed by repeated visits of 
the observer. When disturbed, the female ceases 
digging, elevates the head to survey the immediate 
area, rests and then resumes her activity. If badly 
frightened, she may withdraw her head and limbs 
and remain near the nest or scuttle rapidly tow»rd 
the nearest water. It was not possible to secure de- 
tailed observations of the egg deposition. Cahn 
(1937) reports that the eggs are laid at about 40 
second intervals. 

Nests are exceedingly variable in form; apparently 
they reflect the type of soil in which they are con- 
structed. In soft, moist earth the nest assumes the 
shape, in cross-section, of an oval enlarged some- 
what in a direction posterior to the position of the 
rear edge of the carapace (Figs. 11, 12). The en- 
trance is about one-fourth the diameter of the nest 
cavity and 1-4 inches in depth. In hard soil the en- 
trance is usually less in depth and the nest cavity 
almost spherical. Taylor (1935) found that one 
nest was 11.4 em. deep and about 5.6 em. in greatest 
diameter with a surface opening about 4 em. in 
diameter. 

After the eggs are deposited, the female pushes the 
loose soil into the nest, kneading it into place with 
the hind limbs and rear part of the plastron. It is 
freely moistened with water from the ecloaeal blad- 
ders. Ordinarily this mass of dirt and debris is not 
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Fig. 11. A eross section of a freshly constructed 
nest. The mud and debris surface plug of these nests 
makes them easily visible to the egg collector. 





Fic. 12. A cross section of a poorly constructed nest. 
The egg cavity is excessively large and the mud plug 
was forced inward against the eggs. Eggs deposited in 
such a nest usually fail to develop. 


foreed into the nest cavity and thus does not touch 
the eggs, but occasionally the mass is sufficiently 
liquid that it comes in contact with and partially 
covers some of the eggs (Fig. 11). Eggs completely 
enclosed are often killed. 

The mixture of wet soil and debris capping the 
nest has the appearance of a mud ball thrown for- 
cibly against the ground. The nests are easily located 
by an experienced collector. Professional egg hunt- 
ers report that the nests are especially susceptible 
to predation because of the scent from the cloacal 
bladder fluid used by the turtle in softening the soil. 
This scent apparently remains sufficiently strong to 
attract predators only during the first few days after 
the nest has been completed. 

The female seeks an open, unshaded area where the 
soil is not muddy. The nests are often found on the 
nearest area of land providing such soil, but some 
females will move as far as a mile from the water to 
deposit their nests. Taylor (1935) observed females 
digging nests on the summit of a hill in Kansas. The 
nesting area was 400 yards from the nearest pond 
and about 175 feet above the water level. A barrier 
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such as a highway or thick vegetation will cause 
nest concentration on the water side. 

The female must often dig several trial holes before 
a satisfactory area is located. Such shallow holes are 
especially abundant in nesting areas in rocky soil. 
Examinations of such holes usually indicate the pres- 
ence of exceptionally hard soil or a barrier of rock 
or root. One female was observed to exeavate in 
six different locations along 50 feet of a foot path 
before completing a nest. 

The vast stretches of swamps in Louisiana pro- 
vide few suitable nesting places for the slider turtle. 
Females must often move several miles to find a nest- 
ing site. The levees of impounded areas, drainage 
ditches and streams may have great concentrations 
of turtle nests. Three collectors dug more than 3,000 
eggs in one afternoon from one railroad embankment. 
Such concentrations permit egg collectors and preda- 
tors to reap a rich harvest. 

INCUBATION 

The eggs of Pseudemys are well protected against 
extremes of temperature. The air of the nest cavity 
was observed to fluctuate a maximum of 8° C. in 
Tennessee (Cagle 1937). Temperature readings taken 
in 10 nests in late afternoon in Louisiana varied be- 
tween 22° to 25° C. The exact maximum temperature 
the eggs can withstand is not known but 5 clutches of 
eggs were incubated successfully at a constant tem- 
perature of 30° C. Eggs retained at 40° C. did not 
survive. It is improbable that eggs would be sub- 
jected to temperature in excess of 35° C. in the nest. 

The precise effect of temperature changes or levels 
on the incubation period is unknown. Fifty-three 
eggs dissected from six Louisiana females and re- 
tained at a constant temperature of 30° C. hatched 
in 68-70 days. Clutches retained at room temperature 
(24°-28° C.) had approximately the same incubation 
periods. Nine clutches, a total of 79 eggs, hatched in 
61-79 days when retained at room temperature. Five 
of the clutches removed from females May 6-May 16 
hatched July 22-July 29; 4 removed from females 
July 6-July 11 hatched September 6-17. Cunning- 
ham (1939) studied the incubation time of the eggs 
of the diamond-back terrapin (Malaclemys centrata 
Latreille) under temperature ranging from 65°-105° 
F. (18°-40.5° C.). All of a group of eggs incubated at 
95°-105° F. (35°-40.5° C.) died although the eggs 
in the natural nests did not die when subjected tem- 
porarily to a temperature of 115° F. (46° C.). 
Twenty-three of twenty-four eggs incubated at a 
fairly constant temperature of 85° F. (29.5° C.) 
hatched in 61-68 days. Other eggs, incubated at a 
temperature helow 80° F. (26° C.) hatched in the 
same time as eggs retained at higher temperatures. 
Cunningham concluded that the rate of development 
of the diamond-back turtle did not fluctuate with 
environmental temperatures in the ranges he exam- 
ined. He did note that development could be in- 
hibited by retaining the eggs at a temperature of 
55° F. (13° C.). The influence of average tempera- 
ture on the incubation period of the eggs of the 
marine turtles was noted by Moorhouse (1933) who 
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reports that in Ceylon the incubation period is 50-60 
days, but in Australia at about 23° S. Lat. they re- 
quire as many as 70 days. Lynn & Von Brand (1945) 
found that the average incubation period at 25.0° 
to 25.5° C. is 76 days for the mud turtle (Kinoster- 
non), 63 days for the painted turtle (Chrysemys) and 
72 days for the snapping turtle (Chelydra). There 
was some variation in the rate of development of 
eges in the same clutch; 8 Chrysemys eggs hatched 
in 58-68 days; 61 Chelydra eggs in 69-78 days. 

The influence of low temperature on eggs has not 
been clearly demonstrated. Hatechlings of several 


turtles do overwinter in the nest (Nichols 1933; 
Toner 1940; Cagle 1944; Hartweg 1944) but no 


positive evidence has been presented to demonstrate 
the ability of embryos to endure prolonged exposure 
to low temperatures. Newman (1906a) points out 
that the eggs of map turtles (Grapfemys) laid in 
late July would not have time to hatch before win- 
ter and the embryos must pass the winter in a state 
of dormancy, but he did not provide support for 
this supposition. A preliminary examination of the 
sensitivity of Pseudemys eggs to temperature of 
10° C. was made in 1946. Of twenty-two eggs dis- 
sected from three females and retained under re- 
frigeration for two weeks none survived, but the 
lethal effects could not be positively attributed to 
the low temperatures. 

Of twelve nests opened in late September in Illi- 
nois, five contained young turtles and seven contained 
eggs about ready to hatch. The young turtles may 
leave the nest in late fall or overwinter in the ground. 
Eggs hateh from early July to late September. Of 
two hundred eggs shipped from Reelfoot Lake, 
Tennessee Sept. 8, 1939, one hundred hatched be- 
fore they arrived in Southern Illinois, September 
12. The remainder hatched before the last of Sep- 
tember. Clutches of eggs in 34 field nests observed 
in Louisiana hatched during the following periods: 
July 1-15, 1; July 16-31, 16; August 1-15, 9; August 
16-31, 6; September 1-4, 2. 

HATCHLINGS 

The eggs of one brood rupture over a period of 
24 to 106 hours, but the young turtles may remain 
within the shell for several days. The actions of the 
hatchlings are difficult to observe as opening of the 
nest causes them to pull their heads and legs back 
into the shell and cease attempts to emerge. Of 28 
broods observed in the laboratory 11 were complete- 
ly hatched and the turtles moving about their con- 
tainers within 48 hours after the first egg was split. 

The eggs usually split along the end, apparently 
as a result of movement of the turtle’s head and 
fore legs. This first opening is only occasionally a 
cut made by the egg tooth or the claws of the fore 
feet (Figs. 13, 14). Prior to the actual splitting of 
the shell, fragments of the hardened outer layer 
of caleium often fall away making the shell appear 
thinner near the end. The turtle breaks the em- 
bryonic membranes by pushing against them with the 
head and feet. Once the head is free the turtle ceases 
its movements temporarily except for an irregularly 
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repeated pumping motion of the head. At this stage 
the carapace is still closely surrounded by the egg 
shell and the plastron is supported by a large yolk 





Fic. 13. Two eggs hatching. The upper egg has been 
split by the pressure of the turtle’s head against the 
shell. The lower has split along the side. 





Fig. 14. The same eggs as above after two hours. The 
upper turtle has made little progress in escaping from 
the egg but the lower one is completely free. It has 
not retracted all of the yolk mass. 
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mass occupying the lower half of the shell (Figs. 14, 
15). 

The pumping movements of the head probably aid 
in the slow retraction of the yolk mass through the 
umbilical opening into the body eavity. Ordinarily 
the turtle does not attempt to escape from the shell 
until most of the yolk has been withdrawn. Turtles 
hatched in captivity sometimes do move from the 
shell prior to retraction, but these individuals experi- 
ence great difficulty in moving about. 


Se Se aed . 
he xg ag 
Ce ee 





Fig. 15. A turtle five minutes after hatching. The 
marginal plates remain bent downward and part of the 
yolk sac and embryonic membranes are still evident. 
Note especially the deep fold across the abdominal plate. 


This phase of the hatching may be hazardous to 
the turtle. If the nest or egg container is dry, the 
shell becomes adherent to the carapace or yolk and 
the imprisoned turtle cannot free itself. Of 108 
hatchlings examined in nests 16 were found so im- 
prisoned. 

The yolk mass present at hatching plays an im- 
portant role in the early life of the turtles. Hilde- 
brand (1929) points out that the young of Malacle- 
mys live on the mass of egg yolk during their first 
winter but that the mass appears to be barely suffi- 
cient to keep the turtles alive. Risley (1941) re- 
ported that hatchling Malaclemys retained in cap- 
tivity did not feed and that the animals possessed a 
remnant of the yolk sac 1-4 mm. in diameter when 
autopsied in December after they hatched. He states 
“Tt, therefore, seems probable that sufficient nutritive 
materials for ordinary maintenance purposes remain 
in the yolk sae during the several months of the 
relatively inactive posthatching period under ob- 
servation.” 

The yolk retained by birds has been the subject of 
numerous investigations. Parker (1929) and Schill- 
ing & Bleeker (1928) found that removal of the un- 
absorbed yolk of chicks had no permanent effect on 
body weights and that the quantity of food con- 
sumed had no influence on the rate of absorption, 
but that among chicks killed at a particular age 
there was a low but significant correlation between 
yolk absorption and the percentage gain in body 
weight. Romanoff (1944) indicates that absorption 
of spare yolk was practically complete five days 
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after a bird had hatched and the assimilation of the 
yolk was a fairly regular process despite starvation 
or feeding. No detailed investigations of the rate 
of absorption in reptiles have been reported. 

The yolk mass of both field collected turtles and 
laboratory hatched ones was measured to obtain data 
basie to determining the rate of retraction of the 
yolk and its significance to the young turtle. The 
hatchling has a yolk mass 1-3 em. in diameter (Figs. 
14, 15). The yolk of 62 turtles 24 hours old weighed 
0.2-1.9, mean 0.8 grams. This yolk is retracted into 
the body cavity just before or immediately after 
emergence from the egg. Of 86 turtles observed 
immediately after hatching 22 (25.5%) had com- 
pletely retracted the yolk before leaving the egg. 
These eggs were hatched in clear glass jars and the 
hatchling turtles were constantly disturbed. It is 
assumed that most of the turtles under natural con- 
ditions would remain in the egg until the yolk was 
retracted. 

The yolk mass of eight individuals was excessively 
large and could not be retracted. These died within 
the first few weeks after hatching. One individual 
successfully retracted an exceptionally large yolk 
when it hatched July 12, 1946, but had great diffi- 
culty in swimming and refused to eat or enter the 
water. When it died on August 23, it still retained 
7 ee. of yolk. The carapace was distended and all 
the viscera crowded anteriorly. The lungs could be 
only partially filled. 

The retraction of the yolk mass contributes to the 
shaping of the carapace and plastron. When the 
turtle emerges from the egg, the carapace is curved 
to fit the egg contours. The marginals are bent in- 
ward and the plastron has a deep fold across the 
abdominal plate (Fig. 14). As the yolk mass is re- 
tracted the body proportions change. Hatchlings 
were measured immediately after they left the egg 
and daily for 10 days. Of the 58 so studied, 10 had 
retracted the volk before leaving the egg. Of the 48 
others, 6 completed the retraction on the first day, 
21 on the second day, 15 on the third day. 4 on the 
fourth day and 2 on the fifth day. The yolk retrac- 
tion was accompanied by these changes in dimen- 
siors: carapace length, 17 no change, 28 increased 
0.1-2.0, mean 0.83 mm., 3 decreased. mean of 0.33 
mm.; carapace width, 6 no change, 38 increased 0.2- 
6.0, mean 3.02 mm., 4 decreased a mean of 0.15 mm.; 
carapace height, 10 no change, 7 increased 0.1-1.0, 
mean 0.40 mm.; 31 decreased 0.2-1.8, mean 0.91 mm.; 
plastron length, 15 no change, 30 increased 0.3-2.1, 
mean 0.78 mm., 3 decreased a mean of 0.20 mm.; 
plastron width, 13 no change, 25 increased 0.1-1.1, 
mean 0.35 mm., 10 decreased 0.1-6.0, mean 0.78 mm. 
The body proportions of the ten individuals that 
eompleted the yolk retraction before leaving the 
egg also changed. At the end of ten days after 
hatehing 9 had inereased 0.1-0.6; mean 0.31 in eara- 
pace length; 9 had increased 0.1-0.7, mean 0.34 mm. 
in carapace width; 7 had increased 0.1-0.8, mean 0.42 
mm. in plastron length; 6 had increased in plastron 
width 0.1-0.2, mean 0.22 mm. in height. These latter 
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changes are not as great as those in the turtles that 
had not completed the yolk withdrawal at emergence 
from the egg. 

Yolk retraction is thus accompanied by a length- 
ening ‘and widening of the carapace with a corre- 
sponding reduction in height. Associated with these 
changes in dimensions is a hardening of the carapace 
and plastron. At the end of 2 to 3 days after yolk 
retraction the carapace is quite firm. The changes 
during the first ten days result in some loss of 
weight. Of 62 turtles weighed daily for the first 
10 days after hatching all except 3 lost 0.3-1.4 grams, 
mean 0.58 grams in weight. 

On completion of these changes the young turtle 
has reached its maximum size prior to initiation of 
actual growth changes. The dimensions of 86 Lou- 
isiana turtles 5-10 days after hatching were: cara- 
pace length 28.0-35.8, mean 32.46 mm.; carapace 
width 28.4-34.2, mean 30.73 mm.; height, 13.6-18.4, 
mean 16.5 mm.; plastron length 27.1-33.8, mean 30.89 
mm.; plastron width 15.5-18.5, mean 17.0 mm.; 
weight 5.4-10.0, mean 8.07 grams. Individuals of a 
brood varied widely in dimensions. Six of an Illi- 
nois brood measured: carapace length 25.4-34.0; 
carapace width 25.4-34.0 mm.; height 13.5-17.8 mm., 
plastron length 15.3-35.5 mm.; plastron width 14.0- 
26.0 mm.; weight 4.4-9.6 grams; yolk weight 0.4-1.4 
grams. The umbilical scar remains visible during 
the first few months of life and the egg tooth usually 
is present for the first few days after the turtle 
enters the water. 

On first emerging from the egg the young turtle 
is crowded into a small, darkened nest cavity from 
which it must escape to the water. As most slider 
turtle nests are built in soil that becomes hard in the 
absence of rainfall, many of the hatchlings have 
great difficulty in escaping and must remain in the 
nest until the nest plug is softened by rain. The 
turtles are thus sometimes imprisoned for several 
months, often throughout the winter, before they 
can make their way to the surface. 

Herpetologists have generally assumed that the 
female does not return to the nest after the eggs 
are deposited but the observations of Hodson & 
Pearson (1943) on the captive Pseudemys malonei in 
Florida indicate that the female may return to the 
nest and excavate an opening that permits the es- 
cape of the young. Since this first report of such 
activity by a number of this genus is in contrast to 
previously reported data the following extract from 
Hodson & Pearson is given. 


“Early in August of this year, I noticed one of the 
female P. malonei turtles acting in a strange manner. 
She slowly walked along the ground of the yard, with 
her snout close to the ground, at times almost rooting 
into the dirt. She stopped and scratched a few tea- 


spoons full of soil away, then advanced an inch or two 
and repeated the scratching. 

“Then she found the right place and dug out a small 
hole about three inches across and an inch to an inch 
and a half deep, using her front feet. 
turned to the pool. I 
hole. 


She then re- 


was interested and watched the 
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“Tn one to two days, young turtles emerged from it! 

“T have observed this behavior several times during 
August and every time, it was followed by the emer- 
gence of small turtles from the small hole seratched in 
the ground by the female. Some six to seven turtles 
appeared from each hole during the next forty-eight 
hours after the emergence of the first one. 

“The ground in these places has caked in the dry 
weather of July, following the hard rains of June, and 
formed a hard mass that small turtles could not have 
penetrated. Digging in such hard ground the females 
wore down their nails, and abraded the skin of the 
forefoot so badly that they could hardly walk, and for 
days limped on swollen and infected feet. One turtle 
had feet swollen to twice normal size and developed 
abscesses on both front feet, with consequent deep 
ulcers. 

“I believe this to be the first record of this phenome- 
non, which was observed by several witnesses for added 
corroboration.” 


I have never observed females of P. s. troostii re- 
turn to the nest. Females were not seen in the egg- 
laying areas during the hatching periods and there is 
no evidence to indicate that they aid in excavating 
the young. Many nests were found with the mud 
plug intact and the young gone but the presence of 
a small area of loose soil or, in some instances, an 
opening suggested the way in which the young 
escaped (Fig. 16). 





Fie. 16. A nest from which 6 hatchlings escaped after 
a hard spring rain. The original mud covering and the 
opening from which the turtles escaped is still visible. 


A laboratory test of the ability of the hatchlings 
to survive during the first winter without food and 
water was conducted in 1946-47. Eighteen turtles 
from 6 broods hatched in July were placed in jars 
of moist sand immediately after hatching; 13 from 
the same broods were placed in an aquarium where 
food was always available. All of the latter except 
one died before spring, but all of those buried in wet 
sand survived. Dealers in baby turtles do not keep 
their overwinter stock in water but in damp moss 
and earth. Turtles retained under such conditions 
remain in excellent condition during the first winter. 

Frothingham (1936) retained hatchling box turtles 
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(Terrepene carolina) 7 months (Oct. 10 to May 27) 
before they accepted food. They were not exposed 
to temperatures lower than 50° C. and for much of 
the winter were in a normally heated room. 

The turtles do not increase in size during their first 
winter. A comparison of the dimensions of spring- 
collected turtles with those 24-48 hours old yielded 
no significant differences in carapace length, carapace 
width, height, plastron length or plastron width 
(Cagle 1946). A comparison of 50 week-old turtles 
with the 18 turtles that had overwintered yielded no 
statistically significant differences in size, 

The majority of the Illinois hatchlings spent their 
first winter in the nest. Hatchlings were rarely ob- 
served in the water in the fall but were easily col- 
lected in abundance in early spring. The spring- 
collected young retain small yolk balls. A group of 
young observed throughout the winter of 1939 sur- 
vived in the nest although the ground was covered 
with 8 inches of snow and the soil of the bottom of 
the nest reached a temperature of 1° C. (Cagle 1944). 
Young hatching in September in Louisiana often 
remain in the nest until spring. One truck gardener 
near New Orleans reported finding many young 
turtles in his field each spring. 

ATTAINMENT OF SEXUAL MATURITY 

The attainment of maturity is primarily depend- 
ent on size, not age. Growth of juveniles is exceed- 
ingly variable but the size of attainment of maturity 
in both males and females remains relatively con- 
stant. Males become sexually mature when they 
reach a plastron length of 9-10 em.; such individuals 
may be 2-5 years old. An occasional individual may 
first be reproductively active before or after this 
size is attained. The ages of juvenile males from 
Lake Glendale, Illinois, determined by ring counts, 
were: 7-8 em. long, 1-3 years old; 8-9 cm., 3 years 
old, rarely 2; 9-10 em., 3 or 4, rarely 5; 10-11 cm., 
3-5; 10-12 em., 3, rarely 4 or 5 (Cagle 1948). 

The preanal area and the claws of the forefeet in- 
crease rapidly in length as the gonads mature. This 
may occur within one growing season (Cagle 1946). 
Males may be reproductively active before the claws 
have developed a conspicuously greater length than 
those of females. Such males may be observed court- 
ing females. 

The females become sexually mature when they 
reach a plastron length of 15.0-19.5 em. No differ- 
ence is apparent between the Illinois, Tennessee and 
Louisiana populations. Cahn (1937) states that the 
females lay for the first time when they attain a 
carapace length of 17.8 em. to 19 em. (equivalent to 
plastron lengths of 14 to 16 em.). Grant (1936) re- 
ports that a captive female purchased as a hatchling 
in 1927 layed eggs in April of 1935, at an age of 8 
years and a carapace length of 20.3 em (p. 1. 17.0 
em.). 

HERMAPHRODITISM 


Two pseudohermaphroditic individuals were ob- 
served during field dissection of turtles. One of 


these was a functional, mature male having well 
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developed oviducts. The other individual exhibited 
the external characteristics of a mature male but 
had large oocytes present in tissue adjacent to the 
testis. Oviduets were present but it is questionable 
whether or not this individual could function as a 
female. Hanson (1943) deseribes a hermaphroditic 
spec'men, Pseudemys scripta troostii, and states “It 
is likely from the conditions of the genital organs 
that this turtle could perform as a male, and could 
lay eggs as a female. Whether it would receive an- 
other male is questionable but possible.” Risley 
(1941a) has summarized the records of hermaphro- 
ditie turtles. 

The observed incidence of these anomalous individ- 
uals is such that they play no significant role in the 
populations. 

AnnuaL Activity CycLe 

The turtles of this species are active as the tem- 
perature permits. The precise optimal, minimum and 
maximum effective temperatures have not been de- 
limited but estimates may be derived from previously 
reported studies. The writer (1946) conducted bask- 
ing experiments that suggested a maximum effective 
temperature of about 37°C. Field observations in 
Illinois indicated that turtles were not active until the 
water temperature was 10°C. or higher. Turtles 
were, however, observed on basking sites in Illinois 
during each month except January. Bogert & Cowles 
(1947) retained a “Florida cooter” (Pseudemys flori- 
dana peninsularis) in a thermal chamber at a con- 
stant temperature of 37° C. for 39 hours. The body 
temperature varied between 35.0° and 36.9° C. The 
turtle suffered no permanent injury. 

Study of Louisiana populations in 1946-47 pro- 
vided further information on the annual activity 
eyele. Traps were operated during each month of 
the year in one or another of three ponds where 
Pseudemys were abundant. Some sliders were taken 
in each month exeept January when only musk 
turtles (Sternotherus) were collected. The lowest 
water temperature noted was 13° ©. In January 
water temperature readings in one pond varied from 
13°-18° C. Water temperatures ranged higher than 
this in all other months. Turtles were not taken in 
abundance from traps until mid-March when water 
temperatures varied 13°-26° C. in the area trapped. 
Trapping results continued excellent throughout the 
summer until late October. In two days’ trapping 
with 11 traps at False River, Louisiana, Nov. 8, 9, 
1947, only 5 Pseudemys were taken; water tempera- 
tures were 15° to 20° C. These records may be con- 
trasted with that of 2 days’ trapping, June 17, 18, 
1947, in the same part of False River. On these two 
days, 196 Pseudemys were trapped. The water tem- 
perature was 31°-32° C. During November of 1946, 
a similar trap check in another body of water yielded 
51 turtles but the water temperatures ranged to 
24° C. Trapping was not suecessful when water 
temperatures were lower than 20° C, 

Stomachs from turtles taken in the winter months 
in Louisiana or Illinois rarely contained food. In- 
dividuals retained in the laboratory made only des- 
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ultory attempts to feed during November, December, 
January or February. Perhaps this tendency to 
avoid food in these months is a partial explanation 
of the low trapping returns. The avoidance of food 
during winter months is, in general, typical of North 
American turtles. Turtles retained at near constant 
temperatures in zoos often refuse to feed during the 
winter. Riddle (1909) in his investigation of the 
rate of digestion in the snapping turtle, Chelydra 
serpentina, and Blandings turtle, Emys blandingii, 
demonstrated a considerable reduction of digestive 
power between November and March. There is an 
apparent difference in the length of the period in 
which there is no feeding in various kinds of turtles. 
Although juvenile Pseudemys, Chrysemys, Deiro- 
chelys retained in a heated room during the winter of 
1947-48 in Louisiana refused to feed, Chelydra and 
Macrochelys in the same aquaria did accept food. 
Too, winter trap sets often take the latter two and 
Sternotherus when no others are collected. 

The male turtle has two peaks of sexual activity 
in Illinois, one in the spring and one in the fall. 
Courtship and copulation occur at these times and 
activity in the entire population is at a height. The 
increased activity is reflected in increased trap 
catches. The activity curve in terms of turtles caught 
per trap hour indicates that these peaks occur in May 
and September in Illinois. Similar peaks of sexual 
activity occur in Louisiana but the first peak is in 
April and the second in late October. Available 
trapping records are inadequate to investigate the 
correlation of these peaks with trapping returns but 
examination of testicles of males taken throughout 
the spring and summer indicates a reduction in mass 
during mid-summer. 

Daity Activity CYCLE 

The daily activities other than those concerned with 
reproduction may be divided into feeding, basking, 
and sleeping. The term, “basking,” is used here to in- 
dicate emergence from the water to a position where 
the turtle may be quiescent. Feeding may occur at 
any time but is usually restricted to early morn- 
ing and late afternoon. Trap records suggest a con- 
centration of feeding activity in early morning but 
turtles have been taken at all hours of the day. Bask- 
ing is at its height during mid-morning and mid- 
afternoon but some individuals may bask during the 
night. Groups were frequently observed on logs in 
late evening and on dark days. A warm rain does 
not force a return to the water but a cold rain does. 

Basking probably serves a variety of needs. In- 
dividuals retained in captivity with no opportunity 
to emerge from the water develop severe inflamma- 
tion of the plastral plates and refuse to feed. Direct 
sunlight is not essential to their well-being but a 
place to dry the body is required. 

Turtles cannot bask for long periods in direct 
sunlight as radiation causes a rapid increase of body 
temperature. Within two hours or less (Cagle 1946) 
the body temperature nears the maximum effective 
temperature and the turtle returns to the water. This 
increase in body temperature may be of importance 
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in regulating the feeding habits of turtles. Certainly 
the rate of digestion is accelerated with increase of 
body temperature. Kenyon (1925) demonstrated that 
the rate of peptic, tryptic, and ereptie digestion in 
the painted turtle (Chrysemys) and the snapping 
turtle (Chelydra) was more rapid at 37° C. than at 
room temperature. Basking may be a resultant of 
heavy feeding and may enable individuals to consume 
and digest a greater quantity of food on warm, 
bright days than on dull days. Trapping statisties 
show a clear positive correlation between numbers 
of turtles captured and days when the sun is not 
obscured. 

Basking may be of value in aiding the turtle in 
elimination of external parasites. In the typical 
basking position the front legs are stretched well to 
the sides and the rear feet are spread to the full 
extent of the web and the entire leg elevated. This 
position permits the skin of the axillary and in- 
guinal regions to dry and probably causes leeches 
attached in such places to release their hold. 

Sergeyev (1939) in his study of the daily activity 
eyele of the tortoise, Testudo horsfieldi, observed 
that the body temperature was controlled by the be- 
havior pattern of the tortoise. The routine of daily 
activity was: 6:05 a.m., sunrise; 6:42 a.m. waking; 
6:42-8:30, basking; 8:30-11:30, feeding; 11:30 a.m. 
to 4:50 p.m., resting in hole or under dense bushes: 
4:50-6:50 feeding; 6:50 p.m., sleeping. At night 
the body temperature was sustained at 23°-24°. After 
basking the turtle’s temperature rose rapidly to 30°- 
32° C. and was maintained at 32°-36° during the 
period of activity. The temperature of the burrow 
varied from 24.8° to 32.2° C. but the soil surface 
temperature near the burrow varied from 16.5° to 
595 C. 

When not feeding or basking the turtles rest on 
the bottom or float at the surface. Juveniles enter 
shallow water where they often aggregate in large 
numbers. Older individuals rarely rest in shallow 
water but float at the surface or rest on the bottom 
under several feet of water. 

Rapid changes in air temperature or the obseuring 
of the sun by cloud movements tend to modify turtle 
behavior. Basking is usually prolonged when the 
sun is obseured. 

The slider turtle sleeps while resting quietly on 
the bottom or floating at the surface but apparently 
remains alert while basking. Turtles “sleeping” at 
the surface can often be approached closely but bask- 
ing individuals plunge into the water at the first 
disturbance. 


GROWING SEASON 


The absence of detailed knowledge of the relations 
of activity to body temperature prevents the effective 
use of observed field temperatures in delimiting the 
growing season. However, the approximate minimum 
and maximum effective temperatures are known from 
preliminary temperature-activity experiments (Cagle 
1946) and these may be used to suggest the extent of 
growing seasons. The use of field recorded tempera- 
tures, release-recovery records, and growth ring meas- 
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urements were used to indicate a growing season ex- 
tending from May 1 to October 1 in Illinois. The 
precise time of initiation and termination of annual 
growth varies with each habitat. 

A reduction in trap collections in midsummer in 
Illinois was not reflected in the growth zones of the 
plastron. Although previously interpreted as a re- 
duction in total activity, this decrease in numbers of 
individuals collected per trap hour may not neces- 
sarily reflect a change in feeding activity or growth. 

These turtles may be trapped through most of the 
year in Louisiana. Some turtles have been taken in 
each month except January during the period March, 
1945, to November, 1947, but trapping during the 
period, November to March, is generally ineffective, 
producing less than .1 turtles per trap hour. Results 
in early spring and throughout the summer average 
approximately one turtle per trap hour. Water tem- 
peratures in the area inhabited by slider turtles in 
Louisiana rarely become lower than 12° C. Although 
this is above the minimum effective temperature, 10° 
C., turtles feed very little during the winter months. 

The appearance of distinet growth zones in ju- 
ven'les is possibly the best means of determining the 
time of the initiation of the growing season. None 
of more than 200 hatchling turtles collected in Lou- 
isiana prior to April had any indication of recent 
growth. Of 82 juveniles (less than 10 em, in plastron 
length) collected in the first week of April, 50 had 
evidences of recent growth. It is thus apparent that 
growth is begun about one month earlier in Louisiana 
than in Illinois. 

The termination of the growing season in the South 
is difficult to determine because of the absence of re- 
lease-recovery records in Louisiana but it probably 
oceurs during November. 

GROWTH 

A report by the writer (1946) summarized the 
knowledge of turtle growth and presented growth 
data for Pseudemys scripta troostii based on the 
recovery of marked turtles and the measurement of 
plastral growth rings. The latter procedure has prov- 
en to be of much value in the study of growth; the 
release-recovery procedure has been abandoned be- 
cause of the difficulty in accumulating data adequate 
to an analysis of growth in any single population. 

More than 3,000 individuals of this species have 
been measured, marked and released in selected 
waters in Michigan, Illinois, Tennessee and Louisiana 
since 1937. It is anticipated that recoveries of these 
marked turtles will continue to provide information 
on growth for many years. One individual, recov- 
ered from the City Lake of Carbondale, Illinois, pro- 
vided further verification of the use of ring meas- 
urements in growth computations. This turtle had a 
plastron length of 11.4 em. when released in 1943 
and 16.8 em. when recovered August 18, 1947. Three 
dist‘net growth rings on the abdominal plate meas- 
ured 3.19, 3.65, 3.93 em. in length respectively; the 
abdominal plate was 4.31 em. in length. Calcula- 
tions from these measurements (plate length a: plas- 
tron length a=plate length b: plastron length b) in- 
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dicate that the turtle grew 1.1 em. in 1944, 1.8 em. 
in 1945, 1.2 em. in 1946 and 1.3 em. in 1947. Since 
these growing seasons represent the total period of 
release, the sum of the growth during each of these 
seasons should be the same as the total increase in 
plastron length for the period 1943-1947. The in- 
crease in plastron length as determined by com- 
parison of the release and recovery records (16.8 em.- 
11.4 em.) was 5.4 em.; the sum of the growth incre- 
ments for each season was 5.4 em. These two growth 
determinations were independently derived. 

A further test of this method was made in 1947. 
The writer has demonstrated (1941) that the birth 
rings (rings formed at the margins of the plastral 
plates at birth) of turtles one to five seasons old are 
statistically the same dimensions as the plates at 
hatehing. A random sample of 100 hatchlings and 
100 juveniles was selected from a dealer’s stock and 
measured. The abdominal plates of the 100 hatch- 
lings (10 days to 2 weeks old) measured 5.5-9.3 mm., 
mean 6.77 mm. in length; the birth ring of the ab- 
dominal plate of the 100 juveniles (1-3 seasons old) 
measured 4.3-9.5 mm., mean 6.61 mm. in length. The 
means are not significantly different. 

A test of the ealeulation of plastron length from 
growth rings of juveniles indicated that the com- 
putations were providing acceptable estimates of 
plastral length. The plastron lengths of 124 hatch- 
lings (10 days to 2 weeks old) were 23.6-33.8 mm., 
mean 28.9+.022. The plastron lengths at birth eal- 
culated from ring measurements of 32 juveniles 2-6 
years of age were 22.8-33.2 mm., mean 27.1+.054. 
The difference between caleulated and actual meas- 
urements is not significant. 

Measurements of growth rings on the abdominal 
plate were used to caleulate the growth of turtles in 
four large lakes, two small ponds and two roadside 
drainage ditches in Louisiana. Samples were taken 
by trapping and hand collecting during the summer 
of 1947. The rings of the abdominal plate were 
measured to the nearest tenth of a millimeter with 
Vernier calipers and these measurements used in the 
laboratory as a basis for growth calculation. 

Individuals were considered as not growing in the 
1946 season when no ring was visible or its presence 
questionable. Some turtles having grown 1-2 mm. 
may thus have been classified as not growing because 
of the difficulty of recognizing this slight growth 
from abdominal plate rings. 

Individuals less than 10 em. in plastron length 
that did not have the male secondary sex charac- 
teristics were classified as juveniles; those greater 
than 10 em. and less than 15 em. in plastron length 
and not exhibiting male characters were called juve- 
nile females. Females greater than 15 em. in plastron 
length were considered sexually mature unless dis- 
section indicated otherwise. 

The growth records of turtles from the eight areas 
are summarized in tables 1-4. Caddo Lake (Area A) 
is in the extreme northwestern corner of Louisiana. 
All the turtles studied were taken in a shallow inlet 
on the east side of the Lake. Lake Bistineau (Area 
C) is an impounded lake near Shreveport. Its shal- 
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low, vegetation-crowded inlets support large con- 
centrations of turtles. False River (Area D), New 
Roads, is an oxbow lake formed in an old loop of 
the Mississippi River. Trapping results were better 
there than in any other area examined. Lake Arthur 
(Area E), a coastal lake connecting the Mermentau 
River with Lacassine Bayou, has a scant turtle 
population. The two ponds (Areas F, H) examined 
were both shallow, 1-5 acre areas near the levee of 
the Mississippi River. The roadside and drainage 
ditches were essentially similar. All were barren of 
aquatic vegetation. The Lacassine ditches (Area B) 
were excavated for drainage; the Lutcher ditches 
(Area G) were borrow pits along the Airline High- 
way 30 miles northwest of New Orleans. 

The 174 mature females examined varied in plas- 
tron length 15.3-22.0 em. (Table 2). The 61 (35.0%) 
growing in 1946 increased 1.3-46.7 mm. Of the 71 
juvenile females examined 60 (84.5%) had increased 
2.5-37.1 mm. and 11 had not grown (Table 4). The 
46 juveniles had grown 6.3-47.4 mm. in 1946; none 
had failed to grow (Table 3). Only 45 (34.6%) of 
the 130 males had grown in 1946; these increased 3.0- 
13.6 mm. (Table 1). 

There was no observable difference in growth of 
turtles from these areas. This conclusion was not 
anticipated. Lake Bistineau and False River provide 
near ideal habitat for turtles of this species. Both 
provide extensive stretches of warm, shallow water 
crowded with patches of vegetation; basking sites 
are abundant and excellent nesting grounds occur 
near the shore line. Food is available in quantity. 
Such habitat may be contrasted with that provided 
by the Lutcher ditches. These clay-bottomed holes 
contain little vegetation. The banks are steep and 


TABLE 1. Growth of males in 1946. 
| 














| | | Range 
Area | Num-| Plastron |Number increase in | Mean 

| ber | lengthem. | growing; p.1.mm. | increase 
A....] 18 | 12.8-18.4 | 1 4.0 4.0 
B....| 22 | 10.1-17.0 | 8 §.4-22.2 | 11.1 
523s) 22 | 10:2 16.7. | 3 10.2-13.8 | 11.3 
D....| 20 | 10.3-17.0 1 3.0 | 
E.. 3 | 14.5-17.2| 0 | 
Biss.) oe 9.0-16.0; 11 6.4-30.9 | 13.6 
G....} 17 | 11.2-18.2] 15 7.8-37.0 | 12.5 
a 9.3 - 19.6 | 6 8.8- 26.8 | 18.7 

TABLE 2. Growth of females in 1946. 

| | 

| | | Range 
Area | Num-| Plastron |Number! increase in | Mean 

| ber | length em. | growing! p.1l. mm. | increase 
A 21 | 15.8-19.8 0 | 
B 20 | 15.5 -19.7 | 3 4.5 -13.3 7.0 
©...) 22 | 15.8-19.8 5 4.2-13.1 8.3 
D....} 38 | 16.9-21.2 15 3.8 - 10.1 5.6 
B....| 9 | 15.5-18.3 5 1.3 - 26.0 6.7 
F | 389 | 15.3-19.6 24 4.0-46.7 | 12.0 
G 20 | 16.4 - 22.0 4 2.4- 6.3 4.1 
me! 10 | 15.8-19.7 | 5 2.8- 7.6 3.4 
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few good basking sites are available. Both areas 
harbor an abundance of turtles. Although only 
34.6% of the adult males studied had grown in 1946; 
15 of the 17 collected at Lutcher had grown. The 
juvenile females and adult females had not grown 
at any greater rate nor did any higher percent of 
individuals grow than in the other areas. 

Although it was anticipated that those individuals 
from False River would be rapidly growing, caleu- 
lation of their growth indicated a slower rate of in- 
crease than in those from other lakes. This suggests 
that crowding may be an important factor. 

The adult females as a group had a substantially 
smaller inerease than the juvenile females (Tables 
2, 3). These data are essentially similar to those 
presented for growth of females in Illinois (Cagle 
1946, 1948). 

Analysis of growth in natural turtle populations 
is difficult. The probable great longevity, the extreme 
variation of growth rates with sex and size, and the 
absence of information on age determination com- 
bined with the lack of techniques suitable for rapidly 
and accurately determining annual increments in 
large series of individuals in one population make it 
extremely awkward to attempt interpretations of the 
effect of varying ecological faetors on growth. In- 
vestigations of growth in this turtle in Louisiana 
have led to no modifications of the conelusions pre- 
sented by the writer in 1946 and 1948. 

HIBERNATION 

These turtles become inactive as the water tem- 
peratures drop below 10° C. Many remain in the 
water during the period of low water temperature 
but others seek protected places of concealment near 
the water line. Muskrat burrows are frequently 
used. Eighteen turtles were obtained from one such 


TABLE 3. Growth of juveniles (p. 1. less than 10 em.) 
in 1946. 
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Range 
Area |Num-| Plastron |Number! increase in | Mean 
ber length em. growing; p.l.mm. | increase 
ee 8 7.1-8.8 8 10.2 - 33.4 19.6 
ee 1 4.7 1 8.6 8.6 
Bs 4 6.3 -8.9 4 2.4-42.0 | 32.3 
Bsa<) ae 5.1-9.¢ 32 6.3 - 47.4 14.9 
ee 1 3.9 l 9.0 9.0 


TABLE 4. Growth of juvenile females (p. 1. 10.0-15.0) 
in 1946. 











| Range 
Area | Num- Plastron (Number | increase in Mean 
ber length cm. | growing; p.1l.mm. | increase 
oe = 13.4 - 13.5 2 2.5 = 13.5 8.0 
B.. 10 11.6 - 15.3 8 6.4-28.9 | 17.8 
cs 1 11.8 1 17.4 17.4 
p... 9 10.6 - 15.7 9 | 11.8 -26.7 21.6 
as 24 9.6 - 14.1 16 2.4 -29.2 10.6 
G.. 23 7.4-16.4 22 ee eee | 24.3 
3s 2 10.9 - 12.1 2 10.1 - 13.1 11.6 


| 
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burrow in the bank of a creek flowing into an Illinois 
lake. Such hiding places may be easily found by the 
collector skilled in detecting the openings left in the 
mud by movements of the turtle’s head. 

Those turtles living in swamp areas often seek 
shelter in hollow stumps. Such stumps have proven 
to be excellent winter collecting sites in both Illinois 
and Louisiana. The stumps are also utilized by 
turtles seeking protection from high temperatures in 
times of low water. 

These turtles do not usually congregate unless 
forced to do so by low water. A combination of low 
temperatures and low water sometimes results in 
large winter concentrations. One dealer in Tennessee 
reported taking more than 3,000 adults from a small 
swamp pool. One such concentration was observed 
in the bed of an Illinois lake. Similar concentrations 
may occur during the hotter summer months. 

No adequate information is available on the ability 
of these turtles to remain submerged under water 
during the winter months. The habit of some in- 
dividuals of burying themselves in water sufficiently 
shallow to permit them reaching the surface suggests 
that it is necessary for them to perform aerial res- 
piration even during the period of lowered water 
temperatures. This phase of turtle physiology re- 
quires exploration. 

It is indeed questionable whether true hibernation ; 
ie., an internally controlled and regulated state of 
lowered activity, occurs in turtles. The failure of 
laboratory animals to feed suggests that it may be 
present but the bursts of activity during winter 
months on warm, bright days implies that the winter 
quiescence may be a mere reflection of lowered body 
temperature. 

Juvenile turtles of the first two year age groups 
first appear in quantity in mid-April in Louisiana 
and May in Illinois. During May through June these 
small individuals exhibit a definite tendency to con- 
centrate in water 1-2 inches deep at the very margins 
of the lakes and streams. This habit makes them 
especially susceptible to predation. Large adults are 
rarely observed in such situations. 

The Illinois winters sometime causes a high mor- 
tality. Numbers of dead turtles may be picked up 
along the shores of the larger ponds and the lakes 
in early March. 

AESTIVATION 

The slider turtles eseape extreme temperature 
(above 31° C.) by burrowing into the mud, entering 
stumps, seeking shelter in shaded waters, or under 
extreme conditions migrating overland. Forced mi- 
grations were often observed during dry seasons in 
Illinois and Tennessee. The larger adults leave the 
lowered warm water first and some juveniles may 
remain until the pools are almost completely dry. 
Such individuals bury themselves in the bottom where 
they sometimes become trapped in the drying mud. 
No true aestivation occurs. 


LONGEVITY 


The investigations of Flower (1925) indicate that 
turtles live longer than any other vertebrate. A 
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number of captive turtles have been known to at- 
tain an age of more than 100 years. Unfortunately, 
no records are available on Pseudemys, but some 
estimate of longevity may be based on field observa- 
tions. The growth rings formed on the plastron and 
carapace are of value as indicators of age for the 
first few years of life. They cannot be used on older 
individuals. It has been suggested that the rings 
formed in the long bones of turtles may be of value 
in age determination. Mattox (1936) coneluded that 
such rings in the long bones of Chrysemys were 
correlated with age. This technique was not used for 
Pseudemys. 

The potential longevity or the greatest natural 
longevity may be quite different from the average 
natural longevity, the factor requiring definition. 

The characteristics of old age in the slider turtle 
include melanism, thickened and eroded bone of the 
carapace and plastron, broad heads, thickened skin, 
migrating sutures and senile gonads. None of the 
marked turtles studied have been observed to develop 
these characteristics during the period of release. 
Many adults, recaptured 1-8 times, have not grown 
and have not developed these characteristics of old 
age. 

Individuals of both sexes may attain sexual ma- 
turity within 2-10 years. The time required is vari- 
able and dependent upon the growth conditions in 
the particular area oceupied. It is probable that the 
period of reproduction is 40-50 years, but no accurate 
data are yet available as a basis for such a statement. 
Many do reach senility. The average natural longevi- 
ty is possibly within the range of 50-75 years. 


FEEDING HABITS 


The results of stomach analysis and field observa- 
tions indicate that the slider turtle is omnivorous, 
exhibiting no evident preference for animal or plant 
food (Minyard 1947). In captivity it will eat al- 
most any animal food available and will take most 
aquatie plants and leafy vegetables or fruits. Cahn 
(1937) observed that the food in nature included tad- 
poles, crayfish, mollusks, larger larvae of aquatic 
insects and small fish. Strecker (1927) fed captive 
sliders meat, fish, grasshoppers and crickets. 

The omnivorous feeding habit permits the slider 
turtle to successfully survive in areas not suitable 
for other species. One population studied by Min- 
yard (1947) was occupying a barren, clay-banked 
road side ditch containing no aquatic vegetation, 
secant invertebrate life and few fish. Individuals 
taken from this ditch were surviving by feeding on 
leaves dropping from the terrestrial vegetation grow- 
ing along the-shores. 

Preliminary investigations of differential feeding 
behavior in turtles provide further information on 
feeding habits. One or two juvenile individuals of 
each of five species (Chelydra serpentina, Kinos- 
ternon subrubrum hippocrepis, Deirochelys reticularia, 
Pseudemys floridana mobilensis, Sternotherus odora- 
tus) were retained in an aquarium. Feed in the form 
of small pieces of fresh meat was introduced at one 
end of the aquarium and the turtles observed to de- 
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termine rapidity of reaction te the presence of food. 
In 16 trials the slider turtle was the last in 15 to 
react to the presence of the food. The mud turtle 
(Kinosternon) and the snapping turtle (Chelydra) 
were consistently the first to seek the food. These 
studies of differential feeding behavior will be re- 
ported in detail in another publication. 


ENEMIES 


Man is possibly the greatest enemy of the slider 
turtle in all parts of the range. Fishermen destroy 
the turtles at every opportunity in the mistaken be- 
lief that they are harmful to fish populations. In 
the South the juveniles are collected by the thou- 
sands for sale as pets and the eggs are sometimes 
harvested for fish bait. The great demand for small 
turtles in the novelty trade has led many professional 
collectors to colleet eggs and incubate them to pro- 
eure the turtles. 

The adult turtle has few natural enemies in the 
northern part of its range but the alligator and the 
large gar fish of the gulf coast take a constant but 
insignificant toll. Crows sometimes destroy numbers 
of the turtles when they first emerge from hiberna- 
tion. On two occasions in Illinois I frightened crows 
away from their attack on sluggish turtles lying on 
the bank of a stream. The crows had turned the 
turtles on their backs and picked a hole into the 
body cavity just in front of the rear legs. Turtles 
with such injury are often found in early spring. 
Other predators occasionally capture adult turtles 
for food. Trappers in Louisiana have reported ob- 
serving both mink and otter to capture and eat 
slider turtles. Stophlet (1947) observed a group 
of Florida otters feeding on a large terrapin (Pseu- 
demys sp.). Carapaces gnawed by muskrats were 
found along the shores of Carbondale Lake in IIli- 
nois during the winter. Raccoons have been observed 
to capture a nest-seeking female and rip the eggs 
from her body. The ecareasses of females still con- 
taining some eggs are frequently found at nesting 
sites. Taylor (1935) found the skeletons of 15 fe- 
males in one nesting area but could not determine 
the cause of death. 

The eggs and young are most susceptible to preda- 
tor action. This is strikingly evident in the swamps 
of Louisiana where egg-laying sites are widely seat- 
tered and many hundreds of females may lay their 
eggs along one stretch of canal bank. Skunks, rac- 
coons, and snakes take tremendous toll of eggs de- 
posited in such concentrations. On one bank I 
counted in excess of 500 turtle nests, mainly those of 
the slider, destroyed by predators. Intensive search- 
ing yielded only one nest intact. 


ANOMALIES AND PLATE VARIATIONS 


Repeated attempts have been made to utilize the 
variations in the seutes and the presence of super- 
numary plates to define ancestral conditions. Gadow 
(1899) classified plate variations and interpreted 
them as atavisms. Newman (1906) considered the 


scute abnormalities as reversions to a primitive seale 
plan. He thus interpreted excess neural and costal 
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plates to indicate that the neural and costal series 
were formerly about twice as great as at present and 
that alternate plates had been forced out or lost. 
These “lost plates” recur in individuals as atavisms. 
Coker (1910) considered Gadow’s position untenable 
when he interpreted the “atavisms” as resulting from 
arrested development or, when found in embryonic 
stages, as ontogenetic recapitulation of phylogenetic 
phases and suggested that the anomalies might be 
caused by external pressure on the eggs. 

The frequent observation of anomalous plate pat- 
terns suggested that an analysis of the occurrence of 
such plates might aid in clarification of their signifi- 
cance. The carapace and plastron of 860 Illinois 
adults and of 372 Louisiana hatchlings were exam- 
ined for inserted plates, divided plates, and irregular 
sutures. If an extra plate was between the boundaries 
of normal plates it was considered inserted and extra. 
If the plate was within the limits of a normal plate 
it was considered as a part of a divided plate. 

Of the 860 Illinois adults 42 (4.8%) had anomalies 
of the plastron; 15 had inserted or extra plates; 6 
had divided plates and 33 had irregular sutures; 12 
turtles had both inserted plates and irregular sutures. 
Of the 372 Louisiana hatchlings none had inserted 
or divided plastron plates and only 3 (0.8%) had 
irregular sutures. These data suggest that the plas- 
tral anomalies arise from migration or wandering of 
sutures during adult life. Senile individuals com- 
monly have the plastral sutures very irregular and 
obscured. This wandering of sutures often leads to 
the formation of an extra plate. In a sample of: sev- 
eral hundred old individuals all stages of such''plate 
divisions may be observed. 

Only 5.7% of the Illinois adults had anomalies of 
the carapace plates. The sutures of the carapace 
rarely change during adult life; the pattern of the 
plates remaining constant in each turtle. Of the 860 
individuals there were 11 with inserted plates; 20 
with divided plates and 18 with irregular sutures. 
Of the 372 Louisiana hatchlings 75 (20.2%) had 
anomalies of the carapace; 73 had extra plates (in- 
serted or divided) but only 2 had irregular sutures. 
Many of the hatchlings exhibited extreme anomalies 
(Fig. 17). The great majority of such individuals 
do not survive but an occasional one does attain sex- 
ual maturity. 

The 372 Louisiana hatchlings had a much higher 
percent of both simple and gross anomalous plates 
than the Illinois adults. Although no statistics were 
retained on abnormal plates in the more than 2,000 
Louisiana adults collected, it is estimated that the 
proportion of individuals having such plates is no 
greater than in Illinois populations. Certainly none 
of the adults exhibited the extremes of plate mal- 
formation present in many hatchlings. 

The source of the hatchling turtles examined may 
provide a partial explanation of the apparently high 
ratio of anomalous individuals to normal. These 
turtles were in lots brought to a New Orleans dealer 
for sale in the novelty trade. Collectors procured 
most of these turtles by excavating eggs and incu- 
bating them in large pits in the ground. Such eggs 
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Fig. 17. Some of the many anomalous plate patterns 
observed in hatchlings. These are the extreme types 
among those hatched successfully. 


often receive rough treatment and are subjected to 
extremes of temperature, not normally experienced. 
Rotation of the egg may cause severe distortion of 
the embryonic dise which adheres to the shell mem- 
brane soon after the egg is deposited. 

Of the 372 hatchlings, 21 had the costals divided 
or plates inserted between costals. The first costal 
was divided in seven instances; the second in four; 
the third in three; the fourth in four. None of the 
costals were only partially divided, a condition pres- 
ent in three adults. Several turtles had added costals 
in such a pattern that, at first glance, there was no 
anomalous condition. One such individual had 6 cos- 
tals on each side; another had 7 right and 6 left 
costals; another 6 right and 7 left. One had the 
fourth left costal missing. 

The distribution of the position of anomalies is 
of interest. In 16 adults with anomalous costals, the 
second costal was divided once; the third divided 5 
times and 3 times had an inserted plate in its area; 
the fourth divided 6 times and 3 times with inserted 
plates. In three individuals the costals were par- 
tially divided. In 10 divided or inserted costals the 
abnormality was not associated with other carapace 
malformations but in 6 it was associated with gross 
malformation of the posterior part of the carapace. 
In 10 instances costals were grossly misshaped in 
association with mass deformation. No individual has 
less than the normal number of costals. 
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Nine of the adults had the neurals divided or in- 
serted. There was one instance of partial division 
of the first neural; 3 instances of divisions of the 
second neural; 4 of the third; 1 division of the 
fourth and 3 instances of added plates; 2 instances 
of division of the fifth neural. There were eight in- 
dividuals with the neurals extremely malformed. In 
3 individuals small plates were inserted between the 
fourth and fifth and the second and third neurals. 

In 12 large individuals the neural sutures were 
very irregular. Only two individuals had less than 
the normal number of neurals. 

None of the 860 Illinois adults examined for anom- 
alous plates had abnormality of the degree expressed 
posteriorly in the anterior region of the carapace. 
All gross anomalies had their maximum expression 
in the posterior region. Coker (1910) noted a similar 
tendency in Malaclemys and Lynn (1937) noted the 
same trend in Terrapene carolina. 

Divided or inserted neurals were present in 52 of 
the 372 hatchlings. This anomaly was associated with 
the first neural in 7 instanees, the second in 9, the 
third in 12, the fourth in 18 and the fifth in 4. The 
plastrons of the hatchlings exhibited no anomalies, 
neither extra, partially divided plates or irregular 
sutures. Lynn (1937) noted that variations in the 
number of plastral plates in Terrapene carolina were 
rare. 

Gross plate anomalies affecting the entire carapace 
were rather common in the hatchling turtles from 
eggs ineubated by collectors but were rare in turtles 
collected during their first season of growth. Such 
individuals may never escape from the nest or are 
unable to resist predator action. Too, the handling 
of eggs by collectors may be the cause of the high 
percent of anomalies examined. 

I eannot attribute any particular significance to 
plate anomalies in Pseudemys. Experiments are now 
in progress to determine the effects of movement, 
pressure and high temperature on eggs. It is sus- 
pected that these factors are the cause of a large 
number of anomalies. 


POPULATIONS 


RELATIVE ABUNDANCE 

The slider turtle is the most abundant turtle in 
most ponds, roadside ditches, quiet streams and shal- 
low areas of lakes within its range. Trapping rec- 
ords, although not a completely reliable measure, 
can be used as a basis for estimating the relative 
abundance of this form. The writer reported in 1942 
the varying species composition of turtle populations 
in six Illinois water bodies. In two lakes and a 
drainage ditch entering the Mississippi River these 
turtles constituted 71% to 87% of the turtle popu- 
lation. The slider turtles were most abundant in the 
larger bodies of water. 

This observation has not been supported by popu- 
lation samples in Louisiana. The sliders occur abun- 
dantly in roadside ditches, bayous and swamps. They 
constitute 75% or more of ail turtle populations ob- 
served in this area. 
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Turtle traps operated for several days in each of 
several water bodies in Louisiana colleeted 835 in- 
dividuals during the summer months of 1947. Of 
these 73.6% were Pseudemys s. troostii, 1.0% P. f. 
mobilensis, 15.3% Amyda, 3.9% Chelydra, 2.3% 
Sternotherus, 2.2% Macrochelys, 0.7% Kinosternon, 
0.5% Graptemys and 0.5% Deirochelys. These data 
are the best available criteria of the relative abun- 
dance. It is not possible to evaluate species differ- 
ences in habitat selection, bait reaction, and ability 
to escape from traps, and such differences may seri- 
ously influence the relative number of each form 
trapped. Thus Deirochelys reacts best to bait in ad- 
vanced decay while other turtles refuse to enter a 
trap with rotten bait. Graptemys apparently enter 
the traps only by accident, not in reaction to bait. 

Possible discrepancies in species ratios determined 
from trap records are further stressed when eom- 
parison is drawn between hand-colleeted samples and 
trap samples. Traps operated in a creek below Caddo 
Lake Dam near Shreveport, Louisiana, produced 87 
turtles, 43.7% Pseudemys, 52.9% Amyda and 3.4% 
Graptemys. Hand collecting in shallow water at night 
vielded 208 turtles of which 39.9% were Pseudemys, 
38.9% Graptemys, 11.6% Amyda, 7.6% Sternofherus 
and 2.0% Kinosternon. 

Many difficulties beset the investigator desiring 
to gain a statistical statement as to the abundance of 
turtles. Marking, release and recovery, if properly 
carried out may well provide accurate information 
but our knowledge of home range, territoriality, and 
m'gration is insufficient to evaluate properly the re- 
covery records. The accumulation of sufficient data 
to draw precise conclusions on home range and migra- 
ton is slow. 

Turtle populat‘ons may become verv large in re- 
stricted areas. The abilitv of the turtle to go with- 
out food for long periods, its omnivorous ferding 
habits and the lack of aggression between ind‘v duals 
makes possible the development of great concentra- 
tions. It is not unusual to observe 50 to 109 turtle 
heads in 100 square feet of water surface in favor- 
able areas. 

PoPULATION COMPOSITION 

The absence of a technique for determining the 
age of an individual prevents a division of the pop- 
ulation samples into age groups. The extensive varia- 
tion in growth rate in any single size group combined 
with the great longevity makes the assumption of 
age groups on the basis of size groups difficult ex- 
cept in the size range 2.0-6.5 em. The growth ring 
counts of individuals in this size range are ordinarily 
correlated with size. Individuals 2.0-3.5 em. in length 
are hatehlings; those 3.5-5.5 em. in length are usually 
in their first season of growth; those 5.5-6.5 em. in 
length are usually in the second season of growth. 
However, under excellent growing conditions an in- 
dividual may attain a size greater than 5.5 em. in 
one growing season. No such individuals were ob- 
served in the population reported here; it is assumed 
that the turtles in these size ranges fall into the age 
group designated. 
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The largest single collection was obtained from a 
drainage ditch of the Mississippi flood plain near 
Jacob, Illinois, March 30, 31, 1941. The turtles were 
collected by hand from pools in the drying bottom of 
the ditch. The sample represents the best available 
cross-section of a turtle population. All individuals 
were studied in the laboratory and those not dissected 
returned to the ditch. All juveniles were opened to 
determine sex. It was assumed that males having 
well developed secondary sex characters and all fe- 
males longer than 18 em. were mature. 

Only five hatchlings were collected although the 
shores of the ditch provided excellent nesting sites 
and many predator-excavated nests were observed. 
Certainly a large number of eggs had been deposited 
in the 1947 growing season. Either the eggs and 
hatchlings were subject to intense predation or the 
young still remained in the nests. 

Of the 419 males examined 401 (95.7%) were ma- 
ture. Of the 783 females examined 424 (54.2%) were 
mature. The ratio of sexually mature males and sex- 
ually mature females is then 401:424, not  signifi- 
eantly deviating from a 1:1 ratio. If juvenile in- 
dividuals be included, then the sexes oceur in a ratio 
of 1 male to 1.87 females (Fig. 18). 
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collected Mareh 31, 1941, from a drainage ditch near 
Jacob, Illinois. Darkened areas indicate sexually ma- 
ture individuals. 


MOovEMENTS 


Some information is available on movements of 
slider turtle populations. Trapping records and field 
observations conclusively demonstrate the tendeney 
of these turtles to aggregate around the best basking 
and feeding sites. Three years trapping in the City 
Lake at Carbondale, Illinois indicated that the turtle 
populations were concentrated in three small bays 
where the water was shallow and basking sites were 
available. Traps set outside the bays rarely eap- 
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tured turtles and these were consistently large adults. 

Similar trapping results were noted in the summer 
of 1946 in Louisiana. Traps of the same type, set 
and baited in the same fashion, consistently cap- 
tured turtles in one part of a lake and no turtles in 
others. Field observations support these data. The 
presence of concentrations of turtles is evident from 
the number of heads visible at the water surface. 
Studies made from an observation tower in Illinois 
indicated concentrations in shallow inlets and around 
basking sites. 

The ability and tendency of turtles of this species 
to move from an unfavorable area to another habitat 
is a significant factor in the successful maintenance 
of large populations. Data accumulated from tracing 
the movements of marked individuals, field observa- 
tions of behavior, study of migrating turtles and an 
analysis of populations have clearly demonstrated 
their ability to move overland in seeking new habitats. 

Overland movement of turtles of the genus have 
been reported often. Schwardt (1938) remarked 
that they were frequently found wandering about 
on land. He observed large numbers moving across 
a highway August 15, 1934 but an examination of 
the area yielded no explanation of the movement. 
The writer summarized (1944) the information on 
such movements and concluded, “A group of turtles 
may occupy a particular section of a lake or stream, 
and the individuals removed and released elsewhere 
usually return to it. Each individual may occupy a 
home area, which may include parts or all of adja- 
cent water bodies, and within which it usually re- 
mains until affected by the breeding stimulus, neces- 
sity of movement to areas of hibernation, or aber- 
rant habitat changes.” Study of Louisiana popula- 
tions have not modified these conclusions. 

The turtle population of the Carbondale City Lake, 
Carbondale, Illinois nas been studied since 1937. More 
than 1,000 turtles have been marked and released in 
this lake and adjacent ponds. A field party from 
Tulane University operated a series of traps in this 
lake August 16-19, 1947 but collected only 13 turtles, 
2 of which were recoveries. Both of these were taken 
from within fifty feet of the point of original 
capture. 

Those turtles inhabiting shallow water areas are 
forced to move to more favorable habitats when the 
water level is lowered during the summer. Sliders 
are reluctant to leave established home waters. They 
can survive successfully without food for several 
months and will tolerate severe crowding. They then 
tend to remain until forced to move by drying of 
the bottom. Aggregations of several thousand in- 
dividuals sometimes occur. Such concentrations are 
not uncommon in Illinois and Tennessee but are un- 
usual in southern Louisiana where populations may 
usually follow stream channels to deeper water. 

Periodic population movements oceur in associa- 
tion with water level fluctuations. The slider turtle 
populations of Louisiana move from the deeper bay- 
ous and swamps to the road side pools and shallow 
swamps in spring and remain there until the reced- 
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ing waters force them back to deeper areas in later 
summer. Their reluctance to move is exemplified by 
their tendency to remain until it is necessary to move 
along almost dry channels to reach deeper water. 
Turtle “trails” or small channels are often formed by 
the turtles sliding along the surface. Such trails are 
evident from the smoothness of the bottom and the 
impressions of turtle claws along the edges. 

Trapping statistics and release-recovery records 
indieate a definite trend for juveniles to move away 
from a body of water containing a large turtle pop- 
ulation. During early spring slider turtles are fre- 
quently observed moving about on land at some dis- 
tance from water. A large percentage of such turtles 
are juveniles. 

Traps set in small bodies of water associated with 
larger ones take a greater percentage of juveniles 
than traps set in the larger water body. This has 
been observed in repeated trappings in both Illinois 
and Louisiana. Too, the recoveries of juvenile turtles 
demonstrate a greater tendency for them to wander 
from the point of original collection than the adults. 


SUMMARY 


The study of more than 8,000 individuals of Pseu- 
demys scripta troostii collected by hand and trap in 
Illinois, Tennessee, Louisiana, Texas and Mississippi 
provides information on some phases of the life 
history. 

1. The turtle is resistant to radical changes in the 
habitat. Maximum populations develop in quiet, veg- 
etation-crowded waters. Small populations often in- 
habit running water or areas barren of aquatic vege- 
tation. 

2. The lowering of water levels causes extreme con- 
centration of the individuals as a result of their re- 
luctance to move overland. Overland movements do, 
however, occur regularly during spring and late sum- 
mer. Such migrations result in the development of 
populations in all suitable waters. 

3. A close correlation exists between the size of the 
individual and the habitat selected. Juveniles are 
most abundant in shallow water and small ponds; 
adults tend to move to deeper waters, lakes and 
streams. 

4. Each adult has a home range to which it will 
attempt to return when removed. Individuals were 
trapped repeatedly in the same location and were 
observed to return to the original site. 

5. The slider turtles constitute 80% of the turtle 
population of Louisiana fresh waters. 

6. The elaborate courtship performance of the male 
oceurs in spring and fall. Males do not attempt to 
court other males or juvenile females, but the mech- 
anism of sex recognition is not known. 

7. Females may lay four to twenty eggs in each of 
one to three clutches deposited during the period 
April to mid-July. There is a correlation of number 
of eggs with the size of the female. 

8. The eggs are deposited in a jug-shaped cavity 
excavated in the ground and plugged with earth. 
The female does not return to the nest. 
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9, The eggs are subject to intense predation dur- 
ing the first few days. In excess of 90% of the eggs 
were destroyed in some nesting areas. 

10. Eggs dissected from females and incubated in 
the laboratory at a constant temperature of 30° C. 
hatehed in 68-70 days. Field incubation times are 
probably similar. 

11. The eggs varied from 23.5-44.2 mm. in length 
and 18.4-24.8 mm. in width. Occasional yolkless eggs 
were found with a length of less than 10 mm. 

12. The eggs hatch during the period July 1 to 
mid-September. Some may not hatch until the 
spring. 

13. The young turtles may emerge from the nest 
soon after hatching but sometimes remain in the 
nest for several months. A large yolk mass may pro- 
vide nourishment during this period. 

14. The hatchlings do not begin to inerease in size 
until April or May. Growth during the first season 
is rapid and continues so until sexual maturity is 
attained. Growth may then slow to less than 1 mm. 
inerease in plastron length each growing season. 

15. The development of sexual maturity is pri- 
marily related to size, not age. Males become sexually 
active at a plastron length of 9-10 em; females at a 
plastron length of 15.0-19.5 em. 

16. These turtles are active within the tempera- 
ture range 10° C. to 35° C. The annual activity cycle 
is regulated by water temperature and the sex cycle. 
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STUDIES ON BLUEBUNCH WHEATGRASS IN MONTANA 


AND HEIGHT-WEIGHT RELATIONSHIPS OF 
CERTAIN RANGE GRASSES 


INTRODUCTION 


Measurement, interpretation, and control of the use 
of range grasses are among the important phases of 
range management. If use of forage by livestock is 
to be controlled properly, that action should be based 
upon adequate data concerning the utilization of the 
key plants. Many methods have been devised to meas- 
ure range utilization, which is the amount of forage 
consumed by livestock on a range area. None has 
been entirely satisfactory and particularly so when a 
high degree of accuracy was required. Any sound 
method for practical use must be based upon funda- 
mental information about the important forage 
plants. That information should be sufficiently ex- 
tensive and intensive to measure adequately the varia- 
tion in forage production due to different factors of 
the environment and conditions of the soil. 

The objectives of this study were to examine the 
growth of grasses as affected by the aerial environ- 
ment and particularly rooting habits in relation to 
the kind of soil; to collect basic information on the 
distribution of weight in relation to height of range 
grasses at l-inch intervals; and to ascertain the ex- 
tent to which that relationship is modified by varia- 
tions in season, habitat, species, and degrees of herb- 
age removal. For simplicity, the concept of weight of 
plant material in relation to height at 1-inch intervals 
is expressed as “height-weight relationship” or 
“orowth-form.” 

Throughout this study particular emphasis was 
given to variations in the growth-form of bluebunch 
wheatgrass (Agropyron spicatum)* and to a lesser 
extent prairie Junegrass (Koeleria cristata), Idaho 
fescue (Festuca idahoensis ), needle-and-thread (Stipa 
comata), and green needlegrass (Stipa viridula). 

With sincere appreciation and pleasure the author 
acknowledges valuable suggestions made by Dr. J. E. 
Weaver, Botany Department, University of Nebraska, 
throughout the course of study and the preparation 
of the manuscript. 


REVIEW OF LITERATURE 


Lommasson and Jensen (1938) were the first to 
correlate height removal with weight removal in 


range grasses. Briefly, height-weight tables were 

2? Nomenclature, insofar as possible, is according to Standard- 
ized Plant Names (Kelsey and Dayton, 1942). Standardized 
Plant Names lists Agropyron spicatum as bearded bluebunch 
wheatgrass and Agropyron inerme as beardless bluebunch wheat- 
grass. According to Daubenmire (1939) these are two forms 


of one species which he prefers to call Agropyron spicatum. 
No beardless forms were found in the present study. The com- 
mon name of the plant used throughout the paper is bluebunch 
wheatgrass. 





constructed by obtaining percentage of weight in each 
l-inch segment of a sufficient number of plants to 
compute worth-while averages. These authors found 
that each species had a more or less definite growth- 
form if the data were grouped according to over- 
all 2-inch height classes of the plants. By a series of 
graphs and one-cycle semi-log paper the data were 
transformed onto sliding scales, similar to the Mann- 
heim slide rule, whereby any stubble-height could be 
converted to percentage of weight removed. 

Crafts (1938) initiated a study of the height- 
weight relationships in 11 important grasses in Ari- 
zona and New Mexico. He found, as did Lommasson 
and Jensen (1938), that the major portion of the 
weight was near the ground level. The inaceuracies 
of the method resulting from differences of environ- 
mental factors were not studied. However, height- 
weight charts were presented for Bouteloua gracilis, 
B. eriopoda, B. curtipendula, B. rothrocki, Festuca 
arizonica, Muhlenbergia montana, Hilaria belangeri, 
and H. mutica. The data were obtained from 2 to 20 
individual plants during a single year. By using this 
method, studies on Bouteloua eriopoda were made by 
Campbell and Crafts (1938), on Agropyron smithi 
by Crafts (1938a), and on Boufeloua gracilis by 
Crafts (1938b). Their publications also inelude 
guides to proper use of the plants for Southwestern 
conditions. Crafts and Wall (1938) set forth certain 
definitions and concepts about proper usage, indi- 
cators of utilization, range types, soil, class of stock, 
when to judge usage, utilization panels, and key 
species that were necessary in the use of “height- 
weight” seales. Such statements of fundamentals are 
necessary in the successful use of any method that is 
to be followed year after year with various per- 
sonnel. Height-weight is a term designating the per- 
centage of the total weight of a bunch of grass, often 
at ineh-intervals above the soil, when the leaves of a 
fully grown plant are held in an upright position 
and wrapped against the culms into a tight, some- 
what conical bundle. Thus, if the upper portion of 
the plant is grazed back to 4 inches and the weight 
of the part below this level was 45 percent of the 
whole, then it is considered that 55 percent of the 
forage has been removed. The average height-weight 
for a species must be determined from ungrazed 
plants. 

Lommasson and Jensen (1942) tested the method 
and at the same time compared results with a weight- 
estimate method. They concluded that the growth- 
form principle was sound, that more accurate and 
more uniform results would be obtained by the meth- 
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od than by ocular estimate provided proper instruc- 
tions were given, and that height alone could be used 
as the variable for the determination of the required 
number of plants to be used in constructing height- 
weight tables. 

Parker and Glendening (1942) suggested a modifi- 
cation of the field procedure of the height-weight 
method to make it more applicable to mixed stands of 
grass. All the important species were used rather 
than one to three key species. 

The latest innovation of the growth-form principle 
was suggested by Valentine (1946) who placed per- 
centages of utilization on a heavy ecard. When the 
card was placed by the side of a plant and its height 
on the ecard noted, the percentage of use could be read 
directly, thereby eliminating part of the measure- 
ments and ecaleulations necessary in the use of curves, 
charts, and ealeulators. 

The method described above is based on the prem- 
ise that growth-form of grasses is suffieently con- 
stant between years, grazing seasons, and sites to 
allow the use of height-weight tables with an accuracy 
of plus or minus 5 percent from the mean in the 
determination of forage use. In fact, Lommasson and 
Jensen (1942) found that no member of a 6-man 
erew varied more than plus or minus 3.5 percent in 
his determination of utilization when he used the 
height-weight method. However, the same crew 
varied from plus 8 to minus 7 percent from the 
mean in ocular estimates of the utilization. The 
standard was an actual comparison of the weight of 
the herbage removed by clipping with the weight of 
that remaining. 

Reid and Pickford (1941) compared the oeular- 
estimate-by-plot method (described by Pechanee and 
Pickford, 1937) with the height-weight method on 
range composed mostly of Festuca viridula in the 
Wallowa Mountains of Oregon. Both methods gave 
substantially the same estimate of the degree of 
utilization when the height of stubble was almost 
uniform. The height-weight method gave low values 
when use of forage was uneven. About the same 
number of observations or plots were required in both 
methods but the increased speed of the ocular method 
led them to recommend it as the best method avail- 
able for field use. 

Not all workers have found the growth-form prin- 
e*ple to be fundamentally sound. Clark (1945), after 
four years of work in the oakbrush, aspen-fir, and 
spruce-fir zones of Utah, found that composite 
samples of al] years and all zones would in many 
instances show errors of 10 to 25 percent when 
average height-weight tables were used. The study 
was concerned with 10 species and the data indicated 
that extreme variations existed between samples from 
different years, from different altitudinal zones, and 
from different sites. Each of the 10 species exhib‘ted 
its own variation in growth-form as a result of dif- 
ferences in exposure, soil, shading, moisture condi- 
tions, and temperature. The grasses conformed more 
nearly to a single pattern in favorable years even 
though they had greatest variability in height. There 
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was less difference in growth-form between zones in 
one year than in one zone during different years. 
The conclusion was reached from field trials that the 
ocular-estimate-by-plot method was more accurate 
and more suitable for estimation of the degree of 
forage utilization than the height-weight method. 

Collns and Hurtt (1943), after testing the avail- 
able methods for determining utilization, used a 
stubble-height method in which the remaining height 
of grazed plants, a tally of grazed and ungrazed 
plants, and certain other information were recorded. 
The work was done with three key species on short- 
grass range at Miles City, Montana. From the data, 
average stubble-height and percentage of grazed 
plants were ecaleulated. By means of height-weight 
curves, average stubble-height was converted to per- 
centage of use. The pereentage of use of the grazed 
plants multiplied by the percentage of all stems that 
had been grazed gave the total pereentage to which 
the species was removed. Some species, as <Agro- 
pyron smithi, may or may not have culms and the 
ratio between the two types may vary greatly from 
vear to year. The height-weight curves were con- 
structed each year from data on weight of plants 
with and without fruiting culms in the same propor- 
tion as they oceurred in the pastures. Plants with 
different growth habits than those of Agropyron 
smithi required variations in the procedure. 

A method based upon stubble-height as the initial 
measurement is an indirect method because it is based 
on the ungrazed portion of the plant rather than the 
grazed part. Furthermore, no direct method of meas- 
uring utilization has been devised because the forage 
taken by livestock cannot be measured directly. 
Collins and Hurtt (1943) stated that differences in 
degree of use showed a close relationship with gains 
made by ealves under three different intensities of 
grazing. However, this is still an indirect method of 
measuring utilization because many factors other 
than degree of use of forage affect gains made by 
livestock. 

The results thus far obtained have contributed 
much to the knowledge of height-weight relationships 
in grasses and to methods of measuring use of forage 
by livestock. The results have not been consistent. 
However, the height-weight method has more promise 
than any method developed so far because it is 
based on measurement instead of ocular estimate. 


LOCATION OF THE STUDY AREAS 


The aim in selecting: study areas for this project 
was to include as wide variations as possible in soil, 
altitude, latitude, climate, and composition of vege- 
tation within the range of communities dominated by 
bluebunch wheatgrass in central Montana. It was 
believed that wide variations in study areas would 
give a sounder basis for determining the validity of 
the he ght-weight concept than could be had from 
more limited ones (Fig. 1). 

The Havre area was located in a 20-acre section 
of the Northern Montana Branch of the Montana 
Agricultural Experiment Station. It had been pro- 
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Fic. 1. Outline map of Montana showing the geo- 
graphical location of the study areas and their alti- 
tude in feet. The Red Lodge station is in Wyoming a 
few miles from the Montana boundary. 


tected and unused since 1916 (Fig. 2). The Bear 
2aw Mountain area, about 30 miles south of the 


Havre station, was loezted on land leased for graz- 
ing by the Northern Montana Branch Station. It had 





Fig. 2. Study area at Havre. The Agropyron spica- 
tum community lies in a narrow band across the center 
of the picture. The plants growing in a small drainage 
in the foreground are largely Artemisia cana. The back- 
ground is mixed prairie dominated by Stipa comata, 
Bouteloua gracilis, and Carex filifolia.. The area had not 
been grazed since 1916. 





Fig. 3. Study area in the Bear Paw Mountains. Agro- 
pyron spicatum oceurred on south-facing slopes with sev- 


eral other species of grass. There were also scattered 
trees of Pinus ponderosa and Pinus contorta. Many 
herbaceous species were present and the range was in 
excellent condition. 
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been grazed lightly by cattle since 1934 (Fig. 3). 
The Deer Lodge area was about 4 miles southwest of 
Deer Lodge on a ranch known until recently as Deer 
Lodge Farms. It was in a pasture used mainly as 
spring-autumn sheep range (Figs. 4-5). The Clyde 


Park area was on land formerly leased for grazing 
by the Montana Agricultural Experiment Station and 
was located on the county line between Gallatin and 
Park Counties about 30 miles northeast of Bozeman. 





Fig. 4. Station at Deer Lodge on an area of Agropy- 
ron spicatum that has been overused by sheep. The 
bunches, which stand on pedestals, are widely spaced 
and young plants are absent. There are very few plants 
of other species. In the foreground is Artemisia frigida. 





Fie. 5. Study area at Deer Lodge. This illustration 
gives evidence that the stand of Agropyron spicatum is 


deteriorating. Immediately above the rule is a dead 
plant of Agropyron spicatum that is 9 inches in maxi- 
mum width and about 5 inches in minimum width. Above 
this plant is another with a dead portion and a few 
living stems. The soil level is 1 to 2 inches below the 
level of the bunches. 


This area had been used by sheep in the spring and 
autumn and occasionally by horses in spring, summer, 
and autumn. The Warren station was 11 miles north 
of Warren near an abandoned gravel pit. It had been 
heavily grazed by cattle. The Red Lodge area was a 
few miles south of the Montana state line near the 
Red Lodge-Cook City Highway. It had not been 


grazed in recent years (Figs. 6). 
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Fic. 6. Study area at Red Ledge. Agropyron spica- 
tum is shown in the right foreground on rocky soil. The 
vegetation in the background is mostly Artemisia tri- 
dentata. The trees are Pseudotsuga taxifolia. This area 
had been protected from grazing for several years, al- 
though it showed evidence of previous overuse. 

















CLIMATE 


Weather data from the station nearest each of the 
various study areas are shown in Table 1. The dis- 
tanees varied from 1 to about 30 miles and the data 
are, therefore, only indicative of the general climates. 
Lack of equipment prevented a more detailed study 
of weather. 


TABLE 1. Summary of long-time weather records for 
the regions in which the study areas were located.’ 





Location or Stupy AREas 











Weather factors and l l 


































period of observation | Bear 
Deer | Clyde | Paw Red 
Havre | Warren?) Lodge | Park? | Mts. | Lodge* 
Length of record, | 
See | 40 eis oo ee 10 
Temperature, | | | 
degrees F. © | | | 
January mean....| 12.9 21.5 21.6 a ere 13.6 
July mean...... 68.3 70.0 64.6 64.6 60.6 56.7 
Length of frost-free 
period, days. ..... 134 123 | 4? EB) ss. 59 
Precipitation, inches 
January......... 0.64 | 0.26 | 0.42 | 0.85 | .... | 2.00 
February....... 0.46 0.30 0.42 tit Cees ioe 
ea 0.58 0.59 0.52 1.28 a | 1.94 
eee 0.89 1.01 0.65 1.66 | 1.78 
May. 1.92 1.80 1.53 2.81 aes 2.72 
June. . 2.71 1.62 2.14 2.40 4.27 3.53 
July... 1.61 0.88 1.17 1.37 1.54 1.79 
August 1.24 0.66 0.77 1.13 1.97 1.64 
September 1.23 1.31 1.07 1.65 2.17 2.35 
October........ 0.64 1.16 0.62 1.54 1.10 1.76 
November. . 1.51 0.47 0.48 1.00 2.02 
December. .... 0.64 0.36 0.48 0.89 257 
es 13.07 10.42 | 10.27 17.39 | 25.30 











1Data for Havre, Warren, Deer ania! and d Clyde Park are from Maughan 
(1941). Data from the Bear Paw Mountains were furnished by the Northern 
Montana Branch of the Montana Agricultural Experiment Station. Data from 
Red Lodge were supplied by the U. S. Weather Bureau Office in Wyoming. 

2Data from Bridger, Montana, 11 miles from the Warren area. 

3Data from Bozeman, Montana, about 30 miles from the Clyde Park area. 

4Data from Northeastern Entrance, Yellowstone National Park, about 30 miles 
from the Red Lodge Station. 
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LONG-TIME AVERAGE CLIMATE 


The Warren area was the warmest in the summer 
and, with one exception, also in winter. The moun- 
tain station (near Red Lodge) at the Northeastern 
Entrance, Yellowstone National Park was the cold- 
est in summer but Havre was coldest in winter (Table 
1). Beeause of the wide distribution of the study 
areas both in latitude and altitude, the average July 
temperatures of bluebunch wheatgrass communities in 
Montana ranged from about 56° to 70° F. Similarly, 
the seasons without killing frosts averaged from 
about 59 to 134 days. The average precipitation 
ranged from slightly more than 10 inches to over 25. 
Even though data for the winter months were lacking 
from the Bear Paw Mountains, it is doubtful if the 
total precipitation was over 25 inches for that sta- 
tion. Snow surveys on March 1 and April 1 for 
5 years showed that between 4 and 5 inches of pre- 
cipitation were on the ground in the form of snow 
at those times. Spring and summer were the times 
of greatest rainfall. An exception was the Red Lodge 
area, where precipitation was fairly evenly distrib- 
uted throughout the year. 

From these long- time averages one cannot ascer- 
tain the maximum stress that plant communities must 
withstand to survive. For example, the precipitation 
from June 1 through October at Havre from 1933 
to 1947 varied from a low of 3.4 inches in 1935 to a 
high of 11.1 in 1942. During the same season and 
years in the Bear Paw Mountains the low was 5.3 
inches in 1940 and the high 20.6 in 1942. Other com- 
plieating factors included exposure, degree of slope, 
type of soil, and amount of “run-in” water the blue- 
bunch wheatgrass communities received from areas 
up the slope. 


WEATHER DURING 1945-1947 


The precipitation at Havre was below normal in 
both 1946 and 1947 but the temperatures were above 
normal. Similar conditions occurred at Warren ex- 
cept the temperature was below normal in 1947. At 
Deer Lodge the precipitation was low in 1946 and 
high in 1947, but the temperature was high in both 
years. The Clyde Park area was above normal in 
both precipitation and temperature both years. The 
records were incomplete for the other two stations 
but indications were that precipitation was high in 
the Bear Paw Mountains and low at Red Lodge 
(Table 2). 


PROCEDURE 


The components of the vegetation, nature of the 
soil, and extent of the root system of bluebunch 
wheatgrass were ascertained at each station. This 
was done to aid in the interpretation of the varia- 
tions found in the height-weight relationships of the 
grasses. 

The components of the vegetation and the relative 
abundance of each species of grass were studied by 
observational and quantitative methods. Eight quad- 
rats, each one square meter in area, were located at 
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TABLE 2. Weather data during the period of study 
from the station nearest each area.* 





TEMPERATURE IN PRECIPITATION IN 





Decregs F. INCHES 
Station and period of PO Ee 
observation 
| Departure Departure 
from from 
Mean normal Total norma! 
Havre | 
Sept. 1945-Feb. 1946... 32.5 +2.7 5.94 +1.53 
Mar. 1946-Aug. 1946..... 57.5 +4.2 4.96 —4.53 
Sept. 1946-Feb. 1947 29.7 —0.1 4.72 | +0.31 
Mar. 1947-Aug. 1947. 54.3 +1.1 7.47 —2.02 
Warren? 
Sept. 1945-Feb. 1946......| 38.9 +2.4 2.90 | —1.06 
Mar. 1946-Aug. 1946 : 58.9 +1.7 6.20 —0.78 
Sept. 1946-Feb. 1947 36.1 —0.4 4.31 +0.35 
Mar. 1947-Aug. 1947.. 56.2 —1.0 4.69 —2.29 
Deer Lodge | 
Sept. 1945-Feb. 1946......| 36.2 +3.3 2.71 | —1.08 
Mar. 1946-Aug. 1946 ‘ 53.8 +2.7 5.50 | —1.62 
Sept. 1946-Feb. 1947..... 33.5 +0.6 8.21 | +4.42 
Mar. 1947-Aug. 1947..... 52.7 +1.6 7.69 | +0.57 
Clyde Park# | 
Sept. 1945-Feb. 1946... 33.9 +1.2 8.53 +1.78 
Mar. 1946-Aug. 1946...... 53.1 +1.9 10.43 —0.85 
Sept. 1946-Feb. 1947..... 33.5 +0.8 7.08 | +0.28 
Mar. 1947-Aug. 1947......| 53.2 +2.0 | 13.32 | +2.04 
Bear Paw Mountains | 
June 1945-Oct. 1945......) 51.4 0:7 | ABS | sacks. 
June 1946-Oct. 1946..... 49.6 —2.5 ree? Bees 
June 1947-Oct. 1947...... 52.8 +0.7 | a eee 
Red Lodge * | 
Dec. 1945-Feb. 1946...... a ee 5.32 —0.45 
Mar. 1946-Aug. 1946..... a re 9.96 —3.44 
Sept. 1946-Feb. 1947......  < fh ere 15.55 | +3.65 
Mar. 1947-Aug. 1947...... ee eee 13.20 | —0.20 





1Weather data for Havre, Warren, Deer Lodge, Clyde Park, and Northeastern 
Entrance, Yellowstone National Park, were taken from Climatological Data, 
Montana Section. For the Bear Paw Mountains data were furnished by the 
Northern Montana Branch, Montana Agricultural Experiment Station. 

2Data from Bridger, Montana. 

3Data from Bozeman, Montana. 

4Data from Northeastern Entrance, Yellowstone National Park. 
perature has not been determined for this station. 


Mean tem- 


random at each station. Basal area of each species of 
perennial grass was estimated and the individual 
plants of remaining species were counted. 

Within each area a trench was dug to ascertain the 
conditions of the soil and the extent of the root sys- 
tem of bluebunch wheatgrass. The size of the 
trenches varied but in general each was large enough 
to expose the maximum spread of the roots of at 
least five plants. The direction of growth, length, 
and appearance of the roots were described as they 
were removed from the sides of the trench. 

The methods employed to obtain distribution of 
weight along the axis of a plant have been described 
by Lommasson and Jensen (1938, 1942, 1943) and 
Campbell (1942). All of the studies by other authors 
on the height-weight problem have followed the same 
basic procedure, each worker making minor modifica- 
tions to suit his conditions. In this study 30 mature 
plants of each species were collected at random in 
each area. They were lifted from the soil with a 
shovel and taken to the laboratory. The number of 
fruiting culms and the maximum height of each plant 
were recorded. The inflorescences were removed at 
the base of the lowest spikelet to eliminate any vari- 
ations due to shattering of seed during the processing 
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of the plants. The dead material was separated from 
the current year’s growth. Then the leaves and culms 
were wrapped spirally with a string from the base 
upward (Fig. 7). The entire plant was divided with 
a large paper cutter into l-inch segments. These 
were air-dried and weighed to the nearest hundredth 
gram. A total of 1,110 plants were used and the 
tables and figures presented are the results obtained 
by grouping the data in various ways. 





Fic. 7. Three plants of Agropyron spicatum wrapped 
and ready for cutting into l-inch segments. They were 
growing adjacent to each other at Red Lodge. The open 
bunches of each plant are shown in Figure 20. 


In the spring of 1946, 900 plants in the Clyde Park 
area were marked by stakes and measurements were 
recorded of maximum stem height, maximum height 
attained by the leaves when held in a vertical posi- 
tion, and maximum and minimum width of each 
bunch at ground level. On July 11, 1946, 150 plants 
were clipped at a height of 1 inch, 150 at 2 inches, 
and so on to a height of 6 inches. On July 23, 1947, 
30 plants of each clipping-height were measured in 
the same manner as in the previous year and taken 
to the laboratory for height-weight determinations. 


THE VEGETATION 


The vegetation where these studies were made is a 
part of the Palouse Prairie. That part of the Palouse 
Prairie which lies in southeastern Washington and 
adjacent Idaho has been described by Weaver (1917) 
and designated as the Agropyron-Festuea Associa- 
tion. It includes areas of eastern Oregon, southern 
Idaho, northern Nevada and Utah, western Wyoming 
and Montana, and extends eastward on seattered foot- 
hill habitats to western North and South Dakota 
(Weaver and Clements, 1939). 

The Palouse Prairie in Washington and adjacent 
Idaho is composed of the Agropyron and the Festuea 
Consociations. The former oecurs in the lower and 
more western portions of the region or in the most 
xeric habitats. The latter is found at higher eleva- 
tions or in habitats with a more favorable moisture 
supply (Weaver, 1917). Recently, the Agropyron 
Consociation in the valleys of north central Utah was 
deseribed by Stoddart (1941). Both consociations 


occur frequently in the valleys and on exposed ridges 
throughout the western half or mountainous section 
of Montana. 
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The species present and their importance in the 
stand indicates that the Clyde Park area has a flora 
more nearly like the Palouse Prairie of eastern Wash- 
ington than any other area studied (Daubenmire, 
1940). The environment at an elevation of approxi- 
mately 5,000 feet in the foothills between the North- 
ern Rocky Mountains and the Great Plains presented 
the opt:mum for development of the Palouse Prairie 
in central Montana. The lowest elevation of 2,650 
feet at Havre and the highest of 8,300 feet near Red 
Lodge were the greatest extremes of elevation that 
were readily available for study. A few plants of 
bluebuneh wheatgrass were found at 8,800 feet at 
Red Lodge but they were too scattered to serve the 
purpose of this study. 

Extensive plowing, grazing, and fire since the ad- 
vent of the white settler into the Palouse Prairie have 
reduced the climax to vast areas largely composed of 
Artemisia tridentata and Bromus tectorum. Areas of 
abandoned farm land and places repeatedly burned 
often have nearly pure stands of Bromus tectorum. 
Severe overuse by livestock has resulted in dense 
stands dominated by Artemisia tridentata. Dauben- 
mire (1940) lists many annual plants and unpalatable 
perennials that were abundant in overgrazed Palouse 
Prairie in eastern Washington. A similar group oc- 
curred in bluebunch wheatgrass areas of Montana, 
but for the most part they were greatly subordinate 
to Artemisia tridentata and Bromus tectorum. Ex- 
ceptions occurred on land recently abandoned from 
cultivation where stands of annual weeds were 
common. 

Pseudotsuga taxifolia was near the plots at Clyde 
Park as were Pinus ponderosa, Pseudotsuga taxi- 
folia, Pinus contorta, and Populus tremuloides at the 
Bear Paw Mountain and Red Lodge areas. 


SPECIES AND Basat AREA OF PERENNIAL GRASSES 


The areas of Palouse Prairie at lower elevations 
east of the Continental Divide in Montana are in 
direct contact with the Mixed Prairie Association 
which lies chiefly in the Great Plains. Consequently, 
species associated with the dominants of the Palouse 
Prairie included Bouteloua gracilis, Stipa comata, 
Stipa viridula, Muhlenbergia montana, and Carex 
filifolia. Other species common to both associations 
ineluded Koeleria cristata, Poa secunda, and Agropy- 
ron smithi. 

The sites chosen for this study necessarily con- 
tained a high proportion of Agropyron spicatum. The 
common associates at low altitudes were Bouteloua 
gracilis, Stipa comata and Carex filifolia. At moder- 
ate elevations characteristic species were Koeleria 
cristata, Festuca idahoensis, Poa ampla, Stipa co- 
mata, Carex filifolia and Agropyron smithi. At high 
elevations the usual associates were Festuca idaho- 
ensis, Poa ampla and Stipa occidentalis (Table 3). 

Other species were restricted in their ranges: for 
example, Festuca scabrella and Muhlenbergia mon- 
tana were found only at the stations near Havre and 
in the Bear Paw Mountains. The former was im- 
Selagi- 


portant only in the Bear Paw Mountains. 
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TABLE 3. Average basal area of perennial grasses in 

percent computed from eight square meter plots in each 
study area, 1947. 





| Bear 
Species Deer | Clyde Paw Red 
Ilavre , Warren Lodge Park Mts. Lodge 
Agropyron spicatum. 5.72 3.18 4.15 2.58 1.67 6.13 
Koeleria cristata 0.08 0.16 0.47 0.52 T 
Festuca idahoensis. . 0.14 0.47 0.13 
Poa secunda....... T 0.05 0.17 T } 0.02 
Agropyron smithi... 0.01 Z 0.89 ry | 
Stipa comata... . 0.38 0.23 0.27 0.01 = | 
Stipa viridula....... T ; 0.01 0.04 | 
Carer filifolia . . 0.26 0.12 0.04 — | 
Oryzopsis hymenoides. . 0.22 | 
Bouteloua gracilis... . 0.42 0.45 |  dabe 
Poa ampla........... ere | 0.20 
Stipa occidentalis. .... | soe | OMB 
Bromus carinatus... . | | ; ee Oe 
Poa compressa........ 4 (aaey eres oe 7 
Festuca scabrella.... ’ Nae 0.53 | 
Carez spp........ i | 0.22 | 
Muhlenbergia montana 0.06 eax besa 0.42 
Poa pratensis... .. ‘ : : aA? T areal 
Total grasses... 6.92 | 3.92 | 4.70 | 4.53 | 3.87 | 6.56 
| 
Selaginella densa!.....| 28.68 | 0.09 
Antennaria campestris!| 0.08 ee eee | 0.20 
Ee ee 35.68 detest 4.16 | 





These are not grasses but their habit of growth is such that they have much 
basal cover somewhat similar to that of grasses. Antennaria campestris is named 
according to Flora of the Prairies and Plains of Central North America (Rydberg, 





nella densa and Antennaria campestris were also 
found in these same habitats. Stipa viridula and 
Stipa comata were replaced by Stipa occidentalis at 
high altitudes. Other grasses found only at high ele- 
vations included Bromus carinatus, Poa compressa, 
and Poa pratensis. Oryzopsis hymenoides occurred 
over a much wider altitudinal range than is shown, 
but it was restricted to more xeric habitats than those 
occupied by Agropyron spicatum. Poa secunda was 
low in basal area in all of the sites studied but never- 
theless it was a constant companion of the controlling 
species. Stipa viridula was usually restricted to the 
more mesi¢ locations within the Agropyron spicatum 
communities. 

The total basal area was low in all habitats. The 
grasses in the Havre area had the highest basal area 
largely because no grazing or disturbance had oc- 
curred since 1916. The Red Lodge area was along 
a scenic highway and grasses there had relatively high 
basal area because grazing had been restricted for 
several years. The basal area of grasses at Deer 
Lodge was higher than the grazing system warranted. 
Heavy spring-autumn use by sheep had eliminated 
many of the more palatable plants. The bluebunch 
wheatgrass plants remaining were on pedestals and 
greatly weakened. Some had dead centers and a few 
dead bunches were found. Sheep had eaten very little 
of their foliage but soil loss had followed the dis- 
appearance of the associated species. The result was 
a range in poor condition even though it had a good 
general appearance. The Warren area had heavy 
use by eattle and here too the grasses had a low 
total basal area. At Clyde Park the vegetation had 
been grazed by both sheep and horses, but the grazing 
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pressure had not been heavy enough to destroy the 
smaller perennial species. This was shown by their 
presence in large numbers. The Bear Paw Moun- 
tain area had only moderate summer use by cattle 
and a wide variety of species occurred. 

The basal area was more affected by the livestock 
than by environmental conditions. The lowest and 
highest areas had the greatest extremes of environ- 
mental factors, yet they were highest in basal area. 
This was due largely to protection from livestock. 
Conversely, at middle altitudes where an intermediate 
environment prevailed, excessive grazing had reduced 
the basal area to a point below that of the protected 
areas. 

A higher basal area of bluebunch wheatgrass at 
Deer Lodge than on the other grazed areas clearly 
showed the persistance of this grass on sheep ranges. 
Some winter grazing by horses and heavy use by 
eattle prior to 1937 contributed to the low basal area 
of bluebunch wheatgrass at Clyde Park. 


ANNUAL GRASSES, WEEDS, AND SHRUBS 


The small plots used were in the main free from 
excessive populations of shrubby and weedy species. 
However, surrounding areas supported moderate to 
heavy stands of plants other than the perennial 
grasses. The only exception was the Deer Lodge site 
where the climax grasses were continuously dominant 
over a wide territory although plants of Artemisia 
tridentata were conspicuous. The Havre and Red 
Lodge areas, because of protection from grazing, 
were notably freer from weedy species than the 
others. Several typical half-shrubs and forbs of the 
mixed prairie, such as Rosa arkansana, Psoralea ten- 
uiflora and Petalostemon purpureus, were present in 
the Havre area (Table 4). 

The perennial weed populations at all stations, 
except Havre and Red Lodge, gave the vegetation 
an appearance of either past or current disturbance. 
Artemisia frigida, Gutierrezia sarothrae, and Arte- 
misia tridentata were more or less abundant at five 
stations. Gutierrezia sarothrae was especially preva- 
lent at Warren and Deer Lodge, which were the 
areas that had received the heaviest use. 

Other herbaceous plants that indicated past misuse 
included Tragopogon pratensis, Bromus tectorum, 
Capsella bursa-pastoris, Sphaeralcea coccinea, Salsola 
tenuifolia, Lepidium sativum, Lactuca canadensis, 
and others. Any one of these plants or combinations 
were present according to the grazing program, en- 
vironmental factors, or soil conditions. Salsola ten- 
uifolia and Bromus tectorum seemed to flourish in the 
dry overused ranges at Warren. Early use by sheep 
favored an abundance of Phlox hoodi and Oxytropis 
lamberti at Deer Lodge. Lepidium sativum, Aster 
spp., Phlox hoodi, and Taraxacum officinale were 
common at Clyde Park. Achillea lanulosa inereased 
with elevation. Many of the species were found only 
at one station. Chrysothamnus nauseosus, Tetrady- 
mia canescens, Solidago spp., Cirsium arvense, and 
others were present in the vicinity of some of the 
plots, but they were not of sufficient abundance to 
appear in the data. 
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TaBLE 4. Average number of plants other than peren- 
nial grasses per square meter computed from eight 
square meter plots in each study area, 1947. 




















Bear 
Species Deer Clyde | Paw Red 
Havre Warren' Lodge Park Mts. | Lodge 

Artemisia frigida...... ; 0.4 3.8 1.6 8.1 
Gutierrezia sarothrae 23.4 10.8 1.9 
Artemisia tridentata 0.2 0.5 : 0.1 
Rosa Arkansana 3 3.2 1.8 
Opuntia polyacantha... . 0.1 0.5 
Symphoricar pos occidentalis yok, Bets 1.2 
Artemisia cana hes 0.4 cng Gar ees mart al 
Atriplex canescens......... = 0.4 oe ; 
Purshia tridentata. ........ : ‘ee nee 0.8 
Arctostaphylos uva-ursi..... soa. WO eke see ie ares 0.5 
Mahonia aquifolium , : rae if ses : 0.2 
Phlox hoodi. . . iaea'e's ore 0.5 6.8 | oon ae 
Chrysopsis villosa.......... 2.0 0.2 0.1 10.9 pad 
Aster spp... . at Ti 0.1 2.6 16.56 | . 2.0 
Tragopogon pratensis 0.1 0.1 | 0.6 3.4 ane 
Campanula uliginosa...... 0.4 pee® (A 3 0.8 4.6 
Achillea lanulosa.......... sia nae 3.8 | 5.8 | 12.0 
Bromus tectorum........... 23.0 | 13.9 ae 
Capsella bursa-pastoris. .. . . ‘ 0.1 bass 0.8 oe 
Arenaria congesta...........|  ... PPT 0.2 , 47.5 
Ozytropis lamberti......... ay ere 11.8 0.5 mS 
Sphaeralcea coccinea.........| ... | .. 7.5 one 0.6 | 
Allium geyeri oe | 11 | 0.8 
Tarazacum officinale........| ... | .. at 6.2 ios 0.5 
Lupinus argenteus......... | 2.9 | 1.1 
Vicia sparsifolia............] ... | ... | ... | 12 | 0.6 
Linum lewisi...............| H | 1.0 Ee a ee 
Balsamorhiza sagittata...... Sen | 0:3 0.2 
Polygonum douglasi......... ae | | - | 06 | 19% 
Cogswellia montana........ a ose eee 6.2 | 
Artemisia gnaphalodes....... 9.1 | ieee | wis 
Psoralea tenuiflora......... 3.1 On a eae 
Petalostemon purpureus..... 0.8 | ... |. | -- | ; 
Gaillardia aristata.......... } O12 | ... | | 
Salsola tenuifolia........... | | 11.0 | ee | 
Lepidium sativum........... ieee Ae 19.2 | | 
Melilotus officinalis... .. te | 5.2 | | 
Gaura coccinea............ a | 2.9 | 
Astragalus triphyllus . | 0.9 | 
Townsendia parryi......... Se (err en! eees 0.5 
Lactuca canadensis.......... ses | ices fosae | OS 
Lappula americana......... Perea tl enece Ue | 
Lithospermum ruderale......| ... | ... |... 0.2 | | 
Potentilla nuttalli...........| ... | ... | ... | 0.2 
Plantago lanceolata..........| ... | ... | | 0.1 | 
Phloz alyssifolia... . . és Sz wh) wasn, nt pees ie ae 
Phacelia linearis... .... wid oh mere 0.1 
Galium boreale........ P SS Mprire re me pee 
Ocnothera montana....... sh ales lh Piper Weel cag 0.4 
Artemisia aromatica........ ee Php oon Mes Ne 
Arnica cardifolia.. . .. etd ass oa lif ake ce poem ees 
Anaphalis margaritacea... . wie oii ree wee ee 3.4 
Oxytropis blankinshipi.... ae) FAO MEA Mare ne ee? 1.0 


RESPONSE OF BLUEBUNCH WHEATGRASS 
TO CHANGES IN WEATHER 

The stations ranged from high (8,300 ft.) to low 

(2,650 ft.) altitudinal extremes for bluebunch wheat- 

grass (Table 5). Although experimental data are 

meager, previous observations indicated that slight 
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changes in temperature affected yearly plant growth 
more than did moisture at high altitudes and at low 
altitudes the reverse was noted. Similar relation- 
ships between environment and yearly forage pro- 
duction were found in studies in the mountains near 
Clyde Park (Heady, Lommasson, and Clark, 1947). 


TABLE 5. Elevation above sea level in feet, degrees 
north latitude and dates of maturity for bluebunch 
wheatgrass. 





Date of 
Calculated) maturity, 





Stations Elevation | Latitude date of (av. of 1946 
maturity! | and 1947 
Havre.......| 2,650 48° 30’ July 10 July 10 
Warren.... 4,100 45° 10’ July 12 July 11 
Deer Lodge. 4,7 46° 25’ July 24 Aug. 1 
Clyde Park.., 5,660 45° 50’ July 30 Aug. 4 
Bear Paw 
Mountains| 4,800 48° 10’ July 31 Aug. 7 
Red Lodge. . 8,300 44° 55’ Aug. 22 Aug. 19 





1 According to principles established by Hopkins (1938). 


In the present study both height and number of 
fruiting heads on each plant were greater in 1947 
at Havre, Warren and Deer Lodge because of greater 
precipitation. Growth was greatest in the Bear Paw 
Mountains in 1947 and at Red Lodge in 1946 as a 
result of more favorable temperatures, even though 
precipitation was less. At Clyde Park the plants 
were intermediate with more spikes on each plant 
in 1947, possibly as a result of more precipitation, 
and with greater height in 1946 when temperatures 
were more favorable (Table 6). This station is in- 
termediate in the ranges of length of growing sea- 
son, average January and July temperatures, and 
average annual precipitation (Table 1). 


TABLE 6. Average number of heads per plant and 
maximum culm height of bluebunch wheatgrass in re- 
lation to the most favorable environmental factor in 
1946 and 1947. 








| Maximum 
Noumper or | Heicut or | Most favorable environmental 
. Heaps Per | PLaNnTSIN | factor for year of 
Station PLANT IncHES maximum number of heads 
eee BP Se and maximum height 
1946 | 1947 | 1946 | 1947 | 
eee 19.2 | 24.7 | 19.0 | 23.2 | Higher precipitation in 1947 
a 69.7 | 74.2 | 25.4 | 26.5 | Lower temperature in 1947 
Deer Lodge... ... 42.7 | 71.6 | 19.5 | 25.4 | Higher precipitation in 1947 
Clyde Park ...... 36.3 | 46.6 | 29.1 | 25.8 | Higher precipitation in 1947 
| Lower tempreature in 1946 
Bear Paw Mts. 19.4 26.9 | 29.4 | 30.9 | Higher temperature in 1947 
Red Lodge....... 58.6 51.4 | 27.7 | 24.3 | Higher temperature in 1946 





DATES OF MATURITY OF BLUEBUNCH 
WHEATGRASS 


Both latitude and altitude exert a marked effect 
upon the time of maturity of vegetation. The stations 
extended over a latitudinal range of approximately 
3.6 degrees. According to Hopkins (1938), if other 
conditions are the same plants would reach maturity 
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14 days later at the most northerly station than at 
the most southerly one. Hopkins’ law states further 
that for each 5° change of longitude there are 4 
days difference in similar biological events and like 
change for each 400 feet difference in elevation. Of 
course, annual climatic variations affect the actual 
dates tremendously, and cause deviations from this 
law, which is based on averages. Bluebunech wheat- 
grass at Havre reached maturity on the average date 
of July 10 in 1946 and 1947. When this was taken 
as the base date and dates of maturity were caleu- 
lated for the other stations, the time of maturity for 
the plants at the other stations was approximated as 
shown in Table 5. For purposes of planning the 
field work, Hopkins’ law was sufficiently accurate. 
The average frost-free period at the Red Lodge 
area was about 59 days, ending in the latter part 
of August. In many years bluebunch wheatgrass 
probably does not produce seed at the higher ele- 
vations of its range because of frost. Perhaps this 
factor alone limits the altitudinal distribution of 
bluebunch wheatgrass. The matter warrants further 
study with this and other species because of its appli- 
cation to problems of reseeding. 


SOILS 


The study areas were located in several of the 
Great Soil Groups. Some soils were zonal and others 
were azonal (Bureau of Chemistry and Soils, 1938). 


HAVRE 


The soil at Havre was a sandy loam which had de- 
veloped over a gravelly and stony subsoil. It was 
dark grayish brown in the upper 10 to 15 inches and 
friable at nearly all depths. Between the 15- and 28- 
inch depths there was a layer of glacial till com- 
posed of boulders, sand, and gravel, partially ce- 
mented with lime. Below the lime layer the tex- 
ture was much the same but the soil was less compact. 
At depths from 45 to 60 inches there were numerous 
pockets of clay and sand (Fig. 8). 

The general slope and exposure were such that 
some run-in water no doubt resulted in more favor- 
able water conditions for plant growth than occurred 
on adjacent, more level areas. The subsoil was moist 
to the bottom of the trench which was 60 inches be- 
low the soil surface. This condition allowed the de- 
velopment of the bluebunch wheatgrass community, 
even though it was small in area, in a general region 
dominated by Stipa comata, Bouteloua gracilis and 
other typically Mixed Prairie plants. 


WARREN 


The Warren area was located on Gray Desert Soils, 
a small extension of which occurs in southern Mon- 
tana. The vegetation is listed by Shantz (1938) as 
the northern desert shrub, dominated mostly by 
Artemisia tridentata. The soil development is shal- 
low. The A horizon is 8 to 10 inéhes in thickness and 
is characterized by a sandy loam texture with a small 
amount of gravel. From 8 to 16 inches there was an 
accumulation of lime which had cemented much 
gravel and sand into a hardpan. Below the lime 
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laver there was gravel. In fact, the bluebunch wheat- 
grass communities in the general area were found 
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Fie. 8. Soil profile at Havre. Lime accumulation is 
present at 15 inches and extends downward to the 28- 
inch depth. Below 15 inches the soil materials are large- 
ly glacial till. Above 15 inches the texture is a sandy 
loam, and there the root concentration was greatest. 
The light-colored roots are Agropyron spicatum. 
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_ Fie. 9. Soil profile at Warren. The upper 10 inches 
is a sandy loam with a small amount of gravel. Lime 
accumulation occurs in a very compact layer between 
the 8- and 16-inch depths below which there is more or 
less loose gravel. Horizontal lines are at the bottom of 
the A horizon and the layer of hardpan, respectively. 
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only on soils with a high percentage of gravel and 
sand. Where the soils contained a high proportion 
of clay and silt, the northern desert shrubs reached 
their best development. When the trench was ex- 
cavated, the plants were in a dormant stage and the 
soil was dry to a depth of at least 5 feet (Fig. 9). 


DEER LODGE 


The soil of the Deer Lodge area belongs to the 
Chestnut zonal group. It was developed on fine tex- 
tured and more or less stratified subsoils that had 
the appearance of being lake-deposited clays. The 
surface layer was grayish brown and possessed a 
granular structure. Lime had accumulated in a hard, 
cemented zone at a depth of 8 to 22 inches. Below 
the lime layer there was a hard, massive, tan to buff 
clay. A few pebbles were present on the surface of 
the soil but none were encountered below the A 
horizon. Moraines from mountain glaciers were pres- 
ent within a mile of the study area and it was pre- 
sumed that the upper few inches of soil were de- 
veloped from glacial outwash. This layer contained 
a small amount of sand. When the section was made, 
the soil was dry to a depth of at least 48 inches. 
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Fig. 10. Soil profile at Clyde Park. The upper 17 
inches is the A horizon. It possesses a granular struc- 
ture at the top and prismatic structure below. The lime 
zone occurs between the 15- and 33-inch depths, below 
which is upturned shale. The several layers are desig- 
nated hy horizontal lines. 
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CLYDE PARK 


The soils within the study area at Clyde Park 
were varied. They were shallow and sandy or grav- 
elly (Lithosols) in some places. In others they showed 
the excellent profile development of the Brown soil 
group. Here the A horizon was 15 to 18 inches deep 
with a dark grayish brown color, a granular struc- 
ture in the top 3 to 4 inches, and a tendency toward 
prismatic structure below (Fig. 10). Between 15 
and 33 inches there was a definite lime accumulation 
that was mottled in appearance. Below 33 inches 
several layers of tilted shale occurred. Within these 
were numerous pockets of sand. The soil was moist 
at the time of examination. Below 60 inches there 
was a hard, tan-colored clay that showed little evi- 
dence of soil formation. 


Bear Paw MountTAINS 


The soils in the Bear Paw Mountains were classed 
as Lithosols (Bureau of Chemistry and Soils, 1938). 
However, some were grassland soils with good profile 
development and others that had developed under 
coniferous trees were Gray Brown Podzolic. The 
A horizon in the soils of the grassy slopes was a 
dark grayish brown sandy loam with a granular 
structure. Deeper, the color became gradually light- 





Fig. 11. Soil profile at the station on the Bear Paw 
Mountains. The horizons are not distinct because of a 
wide transition between them. Considerable sand and 
gravel are present below the 24-inch depth. The upper 
24 inches of soil are well filled with grass roots. 
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er, but a good granular structure persisted to the 
24- to 30-inch depth. Plant roots filled almost com- 
pletely the upper 24 inches of the soil. Rocks, grav- 
el, and sand occurred below the 24-inch depth. Among 
these coarse materials there was considerable silt. 
Below 45 inches there was little evidence of soil for- 
mation. Both soil and parent material were moist. 
The soils in the area varied in depth from a mere 
film near rock outerops to several feet toward the 
valley bottom. Bluebunch wheatgrass reached its best 
development near the mid-slopes (Fig. 11). 


Rep LopGe 


The soil was poorly developed at Red Lodge. Many 
boulders were exposed on the soil surface. The upper 
10 inches was a dark brown sandy loam with a high 
percentage of gravel and sand. The surface 6 inches 
contained a few small granules, but these were easily 
crushed between the fingers even though the soil was 
dry. Below 10 inches there was a narrow transition 
to nearly pure sand, gravel, and boulders at 2 feet 
in depth. The ridge on which the site was located 
was used as a gravel pit. That the ridge was of 
glacial origin is indicated by the varied size of the 
boulders, some of which were large, and the mixture 
of many size classes of stony material without strati- 





Fie. 12. Soil profile at the edge of a gravel pit near 
the Red Lodge station. The topmost 10 inches of soil is 


dark and showed considerable organic material. The 
transition to the gravel and boulders was through a 
distance of about 14 inches, which is marked by black 
lines on the photograph. 
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fication in the bank exposed at the gravel pit (Fig. 
12). 


COMPARISON OF SOIL AND SLOPE AT THE VARIOUS 
STATIONS 


The A horizon varied in depth from 6 to 15 inches 
at the three stations (Havre, Warren, and Deer 
Lodge) with lowest rainfall. It varied from 10 to 18 
inches at the stations with highest rainfall (Clyde 
Park, Bear Paw Mountains, and Red Lodge). Color 
varied in much the same manner from light grayish 
brown in the drier sites to brown or chestnut in the 
wetter sites. Most of the soils showed a granular 
structure, but the development of visible aggregates 
was slight at Warren in the Gray Desert soil where 
the organie content was low, as well as in other areas 
where the sand content was high. External drainage 
was good and may have been excessive in some areas 
with steep slopes. Sand and gravel or granular strue- 
ture afforded sufficient internal drainage in all the 
soils. It would have been slow and insufficient at 
Deer Lodge except that the rainfall is low. 

The Deer Lodge station had the least slope, about 
5 degrees. Slopes increased at other areas, reaching 
a maximum of 40 degrees at Red Lodge. All sta- 
tions, except Havre which faced northwest, had a 
south-facing exposure. 


ROOT EXTENT OF BLUEBUNCH WHEAT- 
GRASS IN RELATION TO LIME 
ACCUMULATION 


In dry grassland climates there is usually an aceu- 
mulation of lime at the depth of water penetration. 
This depth varies from a foot or less to 4 feet or 
more. The lime layer may be only a few inches in 
thickness but frequently the lime whitens the soil 
in a layer 12 to 18 inches thick. Such a lime layer 
occurs in or near the bottom of the solum over much 
of the Great Plains (Weaver and Crist, 1922). Moist 
soil occurs normally only above the lime layer. Soils 
with a zone of accumulated lime were found at 
Havre, Warren, Deer Lodge, and Clyde Park. This 
layer did not oceur at Red Lodge or elsewhere and 
the soiis even in late August were moist to a depth 
of at least 5 feet. 

Further study needs to be given the depth, thick- 
ness, and compactness of the lime layers. It varied 
in depth from 8 to 15 inches and in thickness from 
8 to 18 inches. Both depth and thickness increased 
with precipitation. The Warren station, with an 
average precipitation of 11 inches, exhibited an 8- 
inch lime layer between the depths of 8 and 16 inches. 
The lime zone at Clyde Park, where the average pre- 
cipitation was about 20 inches, was 15 inches deep 
and occurred between the depths of 15 and 33 inches. 
The lime zones in the areas of low rainfall were hard 
and compact while at the stations with higher rain- 
fall they were friable and easily broken. 

The lime zones at Havre, Warren, and Deer Lodge 
were relatively hard and compact and had noticeably 
high clay contents. The roots of bluebunch wheat- 
grass and most other grasses did not extend through 
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this layer in those areas. The roots that did pene- 
trate the zone were distorted and often terminated 
in swollen ends that were flattened in tiny crevices 
in the hard, compact soil. At Havre, Warren, and 
Deer Lodge the plants were growing in only 8 to 15 
inches of soil (Figs. 13-15). Some of the perennial 
herbs and shrubs possessed roots which penetrated 
the lime zone. Similar results with other plants have 
been obtained in the Great Plains (Weaver and 
Crist, 1922). 

The lime layer at Clyde Park was deeper, thicker, 
and more friable than the others and did not exert 
as much influence on the morphology of the roots. 
Nearly all the plants had roots which penetrated 
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Fic. 13. Diagram showing the root spread of Agropy- 
ron spicatum at Havre. Roots were in the lime zone but 
none penetrated through it. The ends of these were 
swollen, distorted, and flattened in the eracks of the 
soil. 
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Fie. 14. Diagram showing the shallow and widely 
spreading root system of Agropyron spicatum in the 
Warren area. The maximum depth of roots was 15 
inches and maximum lateral spread was about 3 feet. 
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Fic. 15. Root system of Agropyron spicatum at Deer 
Lodge. It is not widely spread and only moderately 
deep. Few roots penetrated the lime layer. The plants 
were not vigorous because of heavy grazing. The ad- 
verse environmental conditions were reflected in the 
restricted root system. 


this layer and many extended deeper. Occasionally, 
a root was smaller in diameter in this layer than 
either above or below it. Root systems of bluebunch 
wheatgrass varied from 15 to 63 inches in maximum 
depth and from 40 to 72 inches in lateral spread. The 
lateral spread was greatest at Warren where the 
root systems were the shallowest (Figs. 13-18). 


HEIGHT-WEIGHT RELATIONSHIPS IN BLUE- 
BUNCH WHEATGRASS 


Variations in the distribution of weight at 1-inch 
intervals in height in an average plant of bluebunch 
wheatgrass from each study area are shown in Table 
7. It may be noted that the plants from the first 
three stations were shorter in 1946 than in 1947. 
Those from the fourth and sixth areas were shorter 
in 1947. A difference of less than an inch in aver- 
age height in the two years occurred at the fifth 
station. 

In 1946 the variation in percentage weight below 
the 6-inch stubble-height was 23.1 percent between 
the plants at Deer Lodge and Clyde Park. Like- 
wise, in 1947 the greatest difference was 13.3 per- 
cent between the plants collected at Havre and Deer 
Lodge. The lowest percentage weight at the 6-inch 
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Fic. 16. Root system of Agropyron spicatum at Clyde 
Park. It was extensive and occupied a large volume of 
soil. The lime zone was not greatly cemented and of- 
fered little resistance to root penetration. 
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Fie. 17. Agropyron spicatum from the Bear Paw 
Mountains. The root system was deep and moderately 


wide-spreading. Most of the roots were in the upper 
2 feet of soil. 
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Fie. 18. Root system of Agropyron spicatum from 
Red Lodge. Most of the roots are in the first foot of 
soil, and only a few penetrate the sandy and gravelly 
subsoil. They are very crooked because they followed 
the edges of irregularly shaped stones. 
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height (39.4) was from the taller plants in 1946, 
while in 1947 the lowest figure (47.8) was from the 
shorter plants. These data clearly show considerable 
variability in growth-form of plants collected in 
different localities in the same year. When the data 
for 1946 are compared with those of 1947 or on a 
“hetween-year” basis within each area, still another 
variation becomes evident. At the 6-inch stubble- 
height, the difference for the Warren plants was 
6.4 percent with the taller plants having the larger 
percentage. The average heights of plants from the 
Bear Paw Mountains in the two years were nearly the 
same. Nevertheless there was a difference in the 
weight below the 6-inch level of 9.2 percent. The 
shorter plants from each of the other four areas had 
the greater percentage of weight below 6 inches. 
Here again, the growth-form was not eonsistent. The 
plants from the Red Lodge area were 4 inches short- 
er in 1947 than in 1946 and 9.8 percent greater in 
the weight of plant material below 6 inches. Con- 
versely, the plants from Deer Lodge in 1946 and 
1947 differed 5 inches in height but only 1.4 percent 
in weight at the 6-inch height. The average differ- 
ences in height of plants from the other two areas 
were less, but the difference in percentage was 3.4 
in one ease and 13.5 in the other. The growth-form 
of the plants varied between years in all the sites. 
The variations were apparently not related to any 
ot the measured or observed factors. 

Lommasson and Jensen (1942) undoubtedly ob- 
served similar variations and attempted to reduce 
them by making the seales on a height-elass basis. 

The plants from all areas were grouped according 
to 1-inch height-classes (Table 8). At the 6-inch 
height, the percentage gradually increased from 39.2 
for 28-inch plants to 63.0 for 16-inch plants. A few 


TABLE 7. Average cumulative percentage of weight of bluebunch wheatgrass from the soil level upward in 




















1946 and 1947. 
HAvRE WARREN | DEER LopGE CLypE Park BEAR Paw Mrs. | Rep Lopce 
Height | — | | 
in inches | 1946 1947 1946 1947 | 1946 | 1947 1946 1947 1946 1947 | 1946 | 1947 
ee | | | 100.0 | 100.0 | 
eS | | | 100.0 | 99.9 | 99.8 
RS | | 99.7 | 99.7 | 99.5 | 100.0 | 
fee | 100.0 | | 99.2 | 100.0 | 99.5 | 99.2 | 99.8 | 
oe | 99.7. | | 100.0 | 98.7 | 99.8 | 99:1 | 98:8 | 99.6 | 
— 100.0 | 99.3 | | 99.9 | 98.1 99.6 | 98.7 | 98.2 | 99.2 | 
ey epi 100.0 | 99.7 | 98.8 | 99.7 | 97.3 | 99.3 | 98.0 | 97.4 | 98.7 | 100.0 
me | 99:7 | 99:3 | 98:2 | | 99:4 | 96.3 | 98.8 | 97.1 | 96.5 | 98.0 | 99.8 
eae 99.3 | 98.8 | 97.2 | | 98.9 | 95.0 | 98.1 9.0 | 95.4 | 96.8 | 99.4 
| ae 100.0 | 98.7 | 98.1 | 96.4 | 100.0 | 98.3 | 93.4 | 97.1 94.6 | 94.1 | 95.4 | 98.9 
Re 99.4 | 97.8 | 97.1 | 95.2 | 99.7 | 97.4 | 91.3 | 95.8 | 92.8 | 92.4 | 93.6 | 98.2 
eee 98.6 | 96.5 | 95.8 | 93.7 | 99.2 | 96.2 | 88.7 | 94.3 | 90.5 | 90.5 | 91.4 | 97.3 
assis. 97.5 | 94.7 94.2 | 91.9 | 98.5 | 94.6 | 85.6 | 92.3 | 87.6 | 88.2 | 88.8 | 95.9 
eee 95.8 | 92.2 | 92.0 | 89.8 | 97.5 | 92.6 | 81.8 | 89.8 | 84.0 | 85.5 | 85.6 | 94.0 
eee 93.3 | 88.8 | 89.0 | 87.2 96.0 | 90.2 77.4 | 86.7 79.7 82.3 | 81.8 | 91.3 
ae | 89.7 | 84.7 85.1 | 84.2 | 93.9 | 87.3 72.3 | 82.9 | 74.6 mse i 72 i es 
ee 84.4 | 79.4 | 80.3 | 80.5 | 90.8 | 83.7 | 66.5 | 78.5 | 68.9 74.2 | 71.9 | 83.2 
ria.) | 78.4 | 72.8 | 74.5 | 76.2 | 86.4 | 79.4 | 60.2 | 73.3 | 62.6 | 69.4 | 66.0 | 77.7 
Behan | 70.4 | 65.2 | 67.7 | 71.0 | 80.2 | 74.3 | 53.4 | 67.2 | 55.7 63.8 | 59.5 | 71.0 
| 61.2 | 56.7 | 59.9 | 65.2 | 72.1 | 68.0 | 46.5 | 60.4 48.6 | 57.4 | 52.5 | 63.3 
a. 51.2 | 47.8 | 51.4 | 57.8 | 62.5 | 61.1 39.4 52.9 | 41.2 | 50.4 | 45.0 | 54.8 
Os 4 41.2 | 38.7 | 42.6 | 49.0 | 51.8 | 52.3 | 32.4 | 44.8 | 33.8 | 42.7 | 37.5 46.0 
RRS 31.7 | 29.8 | 33.4 | 38.4 | 40.4 | 42.3 | 25.7 | 36.1 26.5 | 34.6 | 29.9 | 36.6 
Bees. 22.7 | 21.4 | 24.9 | 28.3 | 29.3 | 31.2 | 19.1 27.2 19.5 | 26.1 | 22.7 | 25.3 
ei os 14.8 | 13.9 | 16.4 | 18.2 18.8 | 20.1 | 12.6 17.9 12.8 17.3 | 15.5 | 16.2 
7.6 7.0 | ." 8.4 94 | 93 | 6.2 8.6 6.5 8.4 $3; 72 
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TABLE 8. Percentage of cumulative weight of blue 
1947, averaged according to height-classes. 
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bunch wheatgrass from the soil level upward in 1946 and 





HeEIGHT-CLass IN INCHES 


Height 








21 














in inches 28 27 26 25 24 23 22 18 17 16 
” ere 100.0 | 
ee 99.9 100.0 | | 
Re hea. 99.8 | 99.9 | 100.0 | | 
” (eee | 99.6 | 99.8 | 99.9 | 100.0 | | 
Se he tS 99.3 | 99.6 | 99.8 | 99.9 | 100.0 | 
eee 98.8 | 99.3 | 99.7 | 99.8 | 99.9 | 100.0 | | | | 
RE. 98.1 | 98.9 | 99.5 | 99.6 | 99.8 | 99.9 | 100.0 | | 
ie | 97.2 | 98.4 | 99.1 | 99.3 | 99.6 | 99.8 | 99.9 | 100.0 | | 
PO s. e 96.1 | 97.7 | 98.5 | 98.8 | 99.2 | 99.6 | 99.7 | 99.9 | 100.0 
TE c oie gis | 94.7 | 96.8 | 97.7 | 98.1 | 98.6 | 99.3 | 99.4 | 99.7 | 99.9 | 100.0 
ON eae | 92.9 | 95.6 | 96.6 | 97.1 | 97.7 | 98.7 | 98.9 | 99.4 | 99.7 | 99.9 | 100.0 | 
| See | 90.8 | 94.2 | 95.2 | 95.7 | 96.6 | 97.9 | 98.2 | 98.9 | 99.3 | 99.7 | 99.9 | 100.0 
| i Re, 88.3 | 92.4 | 93.4 | 94.0 | 95.1 | 96.7 | 97.1 | 98.1 | 98.6 | 99.3 | 99.7 | 99.8 | 100.0 
‘Saar | $5.4 | 90.1 | 91.2 | 91.8 | 93.2 | 95.1 | 95.6 | 96.9 | 97.5 | 98.7 | 99.2 | 99.5 | 99.8 
UES eee oie 82.1 | 87.5 | 88.5 | 89.1 | 90.9 | 93.0 | 93.8 | 95.3 | 96.0 | 97.8 | 98.3 | 98.9 | 99.4 
iB:. | 78.2 | 84.3 | 85.3 | 85.9 | 87.9 | 90.4 | 91.5 | 93.2 | 94.0 | 96.4 | 96.9 | 98.2 | 98.6 
| es 73.9 | 80.7 | 81.5 | 82.0 | 84.1 | 87.1 | 88.4 | 90.4 | 91.3 | 94.4 | 94.8 | 96.7 | 97.2 
| ee ae | 69.1 | 76.6 | 77.0 | 77.5 | 79.3 | 83.1 | 84.7 | 86.9 | 87.7 | 91.6 | 91.6 | 94.3 | 95.2 
10.. OSS t 701 VL.7 | F272 1 73:8 | 78.3 | 80.1 | 82.5 | 83.1 | 87.7 | 87.5 | 90.9 | 92.1 
Be or a 3 | 58.2 | 66.6 | 66.0 | 66.2 | 67.6 | 72.8 | 74.7 | 77.1 | 77.6 | 82.7 | 82.0 | 86.2 | 87.7 
Ree | 52.0 | 60.6 | 59.6 | 59.6 | 60.7 | 66.5 | 68.4 | 70.8 | 71.0 | 76.2 | 75.1 | 79.7 | 81.3 
aha oo 45.7 | 54.2 | 52.6 | 52.6 | 53.4 | 59.3 | 61.2 | 63.5 | 63.4 | 68.3 | 67.1 | 71.6 | 73.0 
eee | 39.2 | 47.1 | 45.3 | 45.5 | 45.8 | 51.5 | 53.4 | 55.2 | 54.8 | 59.5 | 58.0 | 61.9 | 63.0 
ee: | 32.6 | 39.5 | 37.7 | 37.8 | 37.9 | 43.1 | 44.6 | 46.3 | 45.7 | 49.7 | 47.9 | 51.1 | 52.4 
[ee | 25.9 | 31.4 | 30.3 | 30.1 | 29.9 | 34.5 | 35.4 | 36.7 | 36.0 | 39.6 | 37.6 | 39.9 | 41.2 
Be i nes | 19.2 | 23.2 | 22.2 | 22.4 | 22.2 | 25.7 | 26.1 | 27.0 | 26.7 | 29.1 | 27.3 | 29.0 | 30.2 
a ae a | 12.7 | 15.3 | 14.6 | 14.9 | 14.5 | 17.0 | 17.1 | 17.5 | 17.4 | 18.9 | 17.5 | 18.6 | 19.7 
rite wavy het wae Bat Re 1 FA 8.3} 8.2] 83 | 84] 92] 85] 9.1] 9.7 
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irregularities occurred, but they were not more than 
3 or 4 percent. Other authors (Clark, 1945; Valen- 
tine, 1946; and Lommasson and Jensen, 1943) have 
shown that as grasses grow to a shorter height a 
greater percentage of the weight is nearer the ground 
level. These data are in agreement with those 
findings. 

Under grazing, the average height of the plants, 
obviously, must be determined from ungrazed plants. 
Stubble-heights of grazed plants are then measured 
and a table such as Table 8, a set of sliding scales, 
a score card, a graph, or some other device is con- 
sulted for percentage utilization or percentage of 
the total volume of the plant that remains ungrazed. 
In comparing the percentages at the 6-inch stubble- 
height in Table 7 with the percentages for the corre- 
sponding height-classes in Table 8, considerable vari- 
ation was found. The extremes of percentages on this 
basis were a negative 10.7 and a positive 7.7 per- 
cent; the average difference being 4.5 percent. 

Variability occurred within the height-classes both 
among plants from the same area between years 
and among plants from different areas in the same 
year. Below the 6-inch stubble-height for plants 
25 inches tall from the Bear Paw Mountains in 1946 
and 1947, there was an average difference of 11 per- 
cent in the weight of plant material. At a similar 
stubble-height for plants 17 inches tall from two 
different areas in 1946, there was an average differ- 
ence of 7.1 percent (Table 9). Variations of less 
magnitude oceurred within all the columns in Table 8. 





TABLE 9. Examples of variations between years and 
between areas in percentage of cumulative weight in 
bluebunch wheatgrass of the same height. 
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| Berar Paw Mrs. 1946 
Height | 
ininches | 1946 1947 Havre | Deer Lodge 
_ SO ee | 100.0 100.0 
Diccassecel ae 99.9 
pee 99.8 99.7 
22. 99.6 99.4 
_ ABSA 99.3 99.0 
EEE 98.8 98.4 
19.. 98.1 97.6 
SERS = 97.1 96.6 | 
| See | 95.9 95.4 | 100.0 100.0 
| Ree 94.3 94.0 | 99.8 99.9 
| SER eee 92.1 92.2 | 99.5 99.6 
|) Ss 89.4 90.2 98.9 98.9 
| ees 85.9 87.8 97.7 97.8 
A aS 81.6 | 84.9 95.8 96.3 
| eS 76.5 | 81.4 92.8 94.3 
1D. . Sy ge Ee Pr SO 91.1 
Ess Sesh at 64.2 72.6 | 82.6 86.6 
USAR See 57.2 | 66.8 | 74.8 80.3 
ree 49.9 | 60.6 | 65.7 72.1 
Biccwee een 42.3 | 53.3 | 55.3 62.4 
Boeke. s 34.6 45.4 | 44.5 | 51.5 
OS eect | 26.9 37.0 | 34.1 39.9 
Ree rege | Bede 28.0 | 24.3 | 28.9 
2. | #28 B.8: | 169 | “186 
DshiGenn ees 6.2 9.0 | 8.2 | 9.1 
| | 


A visual concept of the data in Table 9 showing 
three growth-forms that were common in bluebunch 
wheatgrass is shown in Figure 19. One plant had a 
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gradual inerease in percentage of weight per inch 
from the soil level to approximately the 6-inch height 
and then a decreasing percentage of weight upward. 
The second type increased sharply from the ground 
level to the second or third inch and then decreased. 
The third decreased from the ground level to the 
second or third inch; it then inereased to approxi- 
mately the 6-inch height; but finally decreased up- 
ward. The height-weight pattern of the fourth was 
much the same as that of the third. Usually the 
taller plants, either from favorable sites or grow- 
ing in favorable years, were more cylindrical in form. 
The shorter plants were more conical. The plants 
with either increasing or decreasing weight from the 
ground level to the third inch only, oceurred hap- 
hazardly in all height classes, and these variations 
cancelled each other when averages were computed. 

The plants of bluebunch wheatgrass in Figure 7 
are shown in natural form in Figure 20. These plants, 
collected at the Red Lodge area, show the types of 
variation found. The first plant was 29.4 inches tall 
and more or less cylindrical in growth-form. The 
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Fig. 19. Pereentage of weight according to height of 
Agropyron spicatum (25 inches tall) from the Bear 
Paw Mountains in 1946 and 1947 and also for plants 
17 inches in height from Havre and Deer Lodge in 1946. 
Variations in growth-form occurred in plants growing 
in different years and in different habitats. 
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second and third were much shorter, 22.4 and 23.1 
inches, respectively. The second showed a slight in- 
crease of plant material to the 5-inch height and the 
third a much greater one. The number of fruiting 
sp:kes on each plant was 115, 80, and 114, respee- 
tively. The differences in growth-form were largely 
a result of different proportions of leaves and stems. 
The first plant consisted mostly of coarse stems 
while the third had fine stems and a large number 
of leaves in its lower part. The middle plant had 
fewer leaves than the third. 


OF CLIPPING ON BLUEBUNCH 
WHEATGRASS 


One part of this study was designed to ascertain 
the effect of herbage removal at the stage of flow- 
ering on the growth-form of bluebunch wheatgrass. 
It is well known that frequeney and height of 
clipping effects yield of grasses and that the more 
frequent and the lower the clipping the more detri- 
mental is the effect. Stoddart (1946) reviewed much 
of the available literature on this subject. He also 
gave considerable data which showed the effect of 
season of herbage removal upon forage yield. In 
general his results were summarized by the state- 
ment: “. . . damage to the grass from herbage re- 
moval was inversely proportionate to herbage ex- 
posed to sunlight during the warm season as attained 
by (a) less close clipping, (b) clipping early enough 
to allow regrowth prior to summer drought, or (ce) 
clipping late enough to allow food storage before 
herbage was removed.” From the above statement, 
it was believed that one clipping at the stage of 
flowering would have greater effect than clipping at 
any other time. 

Evidently the 6-inch clipping height, or the one 
leaving the tallest stubble, was too severe for the 
plants to maintain themselves. All plants clipped in 
1946 produced few or no flower stalks in 1947 (Table 
10). The average number of spikes on unclipped 
plants in the area in 1947 was 46.6 while the plants 
clipped at 6 inches produced an average of 5.6 spikes. 
The average number of flower stalks produced per 
plant in 1946 was 36.3. Irregular results in the 
other clipping heights do not show significant de- 
crease in number of culms with increased severity of 
clipping. Many of the flower stalks in all clipping 
heights were short and produced only one to three 
spikelets with infertile florets. Most of the florets 
on the plants clipped at 5 and 6 inches were fertile. 
The data indicate that the seed crop in the year 
following foliage removal to a 6-inch stubble-height 
or less would be seriously decreased. 

The average decrease in height of stems is not 
significant because there was an average decrease of 
3.8 inches in unclipped plants in 1947 compared with 
plants in 1946. 

The percentages of plants clipped at the various 
heights which produced culms in 1947 was varied 
and low. Many of them did not produce seed and 
most were lacking in vigor. 


EFFECTS 
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TABLE 10. Number of culms, decrease in height of 
culms, and percentage of clipped plants fruiting in 1947. 
The plants were clipped at the stage of flowering in 
1946. 





| Curpprinc HEIGHT IN INCHES 





Measurement 








Average number of 
culms per plant... . 
Average decrease of 


culm height, inches. .| 5.4 | 6.2 | 2.9 | 5.4 | 5.7 | 3.2 
Percentage of clipped | } 

plants bearing seed | 

- SS See 38 | 21 24; 41/! 38] 52 


Less deterioration occurred in the plants clipped 
to a height of 6 inches than in those clipped more 
severely. Generaily, the recommended stubble-height 
for proper grazing of bluebunch wheatgrass in Mon- 
tana is 5 inches. These data indicate that the correct 
stubble-height is higher than 6 inches if the plants 
are grazed during the growing season. Presumably, 
if grazing oceurs after maturity of the plants, the 
correct stubble-height for grazing is lower. However, 
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Fic. 20. Three plants of Agropyron spicatum from the Red Lodge area. These are the same plants pictured in 
Figure 7. The first is tall with many coarse stems and few leaves, the second and third are about the same 
height but the third has a great many more leaves than the second. 


there is very little experimental information available 
on this point. 

Measurements of maximum leaf height when the 
leaves were stretched upward and maximum and 
minimum width of 29 bunches were taken in both 
years and analyzed for significance (Table 11) ac- 
cording to statistical methods outlined by Snedecor 
(1946). In all three characters the differences be- 
tween years were highly significant or the probability 
was greater than 99 to 1 that the decreases in all 
these dimensions were due to clipping. For both 
widths the differences between clippings were also 
highly significant, but for leaf height there was little 
change due to clipping (Table 11). This was in ac- 
cord with the slight decrease in maximum stem 
height. In other words, the greatest damage done to 
the aerial parts of the plants was in reduction of 
number of culms and in decrease of the size of the 
buneh. If the treatments were applied over a period 
of years, the decrease in height would probably be- 
come greater. By measuring the same plants in dif- 
ferent years or before and after treatment, the varia- 
tion of plants in all the clippings can be and is logi- 
cally removed from the error term in the analysis of 
variance. In the three measurements the differences 
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TABLE 11. 





measured in 1947. 
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Analysis of variance for maximum leaf 
height and maximum and minimum width of bunch of 
29 plants of bluebunch wheatgrass in 6 clipping heights. 
The plants were measured and clipped in 1946 and again 





























| Sum of Mean 
Source of variation | D.F. | squares | square F 
Maximum Leaf Height | | 
Between clippings.............. | 5§ | 2.18 4.64 0.88 
Between years.......... 20.0000. 1 | 214.95 | 214.95 | 40.63* 
SEONNDE FORD. 2.2 .i2r0055- | 5 30.25 6.05 1.14 
Plants within clippings. ........ | 168 2278.12 13.56 | 
Plants x years for all clippings....| 168 889.16 5.29 
Sede escfaraae dys | 347 | 3435.66 
Maximum Width of Bunch | | 
Between clippings............... 5 66.35 | 13.27 | 19.51* 
Between YeOrS.......ccccseceses 1 30.31 | 30.31 44.57* 
Clippings x years............... 5 | 2.41} 0.48 | 0.71 
Plants within clippings.......... 168 | 1555.76 9.26 | 
Plants x years for all clippings... . 168 115.06 | 0.68 
BUMS cigs crsaenais Yl 347 | 1769.89 | 
Minimum Width of Bunch | | 
Between clippings.............. 5 12.13 2.43 | 7.36° 
Between years...............--. 1 35.98 | 35.98 | 109.03* 
Clippings & years. .........00..- 5 1.91 0.388 | 1.15 
Plants within clippings.......... 168 | 520.32 3.10 
Plants x years for all clippings. ... | 168 | 55.82 0.33 
347 | 


626.16 | 





*Highly significant (odds of 99 to 1). 
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Fic. 
catum clipped to a stubble-height of 1 inch in 194 
circled area nearest the rule was occupied by 
culms in 1947. 
plant in 1946. Photographed July 22, 1947. 








between original plants account for a large portion 
of the variation. When they were removed, a better 
estimate of the differences due to treatment was ob- 


The deterioration due to the one clipping at flow- 
Most of the 
bunches were oval- or crescent-shaped with the long 
axis parallel with the contour of the slope. In many 
instanees the decrease was in minimum width (Fig. 
21). The plant was so weakened that even a slight 
amount of soil moving down the slope covered the 
The clipped plants produced fewer 
leaves than the unclipped plants nearby and those 





21. Vertical view of a plant of Agropyron spi- 


6. The 
living 


The entire area was covered by the 
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that were produced were narrower and somewhat 
shorter. Several plants in the more severe clipping 
heights were so weak the second year that they were 
not competing successfully with individual plants of 
Bromus tectorum. Even though fruiting culms were 
present on some plants at all clipping heights, they 
were short, spindly, and produced sterile florets 
(Fig. 22). The spikelets in the 5- and 6-inch clipping 
heights contained more fertile florets than the others. 

The effect of clipping upon distribution of weight 
according to height in bluebunch wheatgrass is shown 
in Table 12. Variation in the percentage of weight 
below the 6-inch height was 10.5 percent. The highest 
percentage was that of plants clipped at the 1-inch 
height and the lowest was of plants clipped at the 
6-inch height. In general, the more severe the clip- 
ping, the greater the percentage of weight below 
any height in the lower two-thirds of the plant. The 
plants in the 5-inch clipping height were apparently 
exceptions, but the original measurements showed 
this group to average less in basal area and height 
than the other groups. Perhaps clipping is more 
damaging to small plants than to large ones. 

The data for unclipped plants without flower stalks 
and plants with flower stalks for 1946 and 1947 
were included in Table 12 for the purpose of com- 
parison. The first group of plants was ungrazed. 
The plants were also different from those with flow- 
er stalks in their smaller size. The distribution of 
weight in these plants was very similar to the dis- 
tribution in the clipped plants. Both the plants 
without flower stalks and the clipped plants, also 
largely without flower stalks, were greatly different 
from the fruiting plants with variations in the per- 
centages below an 8-inch stubble-height of the two 
types as great as 28.9 percent. 

From observations in previous years, the percent- 
ages of plants without flower stalks in a stand of 
bluebunch wheatgrass varied considerably from year 
to year and from site to site. In 1947, the Clyde 
Park site was the only study area containing enough 
plants without flower stalks, other than seedlings, for 
inclusion of this type in the work. In times of 
drought or in years following heavy grazing, the per- 
centage of plants without flower stalks in a stand may 
be quite high. In view of the fact that the growth- 
forms of the two types were greatly different, the 
percentage of each type in the stand must be included 
when forage utilization for a range area is computed. 
After plants are grazed, it is nearly impossible to 
determine whether or not they had flower stalks— 
a factor which must be taken into account when ac- 
curate determinations of forage use are required. 


HEIGHT-WEIGHT RELATIONSHIPS IN 
OTHER GRASSES 


Four species of other perennial grasses were col- 
lected and studied for height-weight relationships in 
1947. These were prairie Junegrass, Idaho fescue, 
needle-and-thread, and green needlegrass. Prairie 
Junegrass was collected from all stations, green 


needlegrass from Havre, Deer Lodge, Clyde Park, 
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Fig. 22. Agropyron spicatum clipped at the time of flowering in 1946. A was clipped to a stubble-height of 
1 inch, B to a height of 2 inches, ete. The photographs were taken July 22, 1947. All the plants were low in 
vigor in 1947 as shown by small dead spots within the bunch, leaves fewer and shorter than normal, absence or 
decreased number of fruiting culms, and many sterile florets in the spikelets that were produced. The more severe 
the clipping the greater the loss of vigor. In A and B, plants of Bromus tectorum are shown growing within the 
wheatgrass bunch. 


and the Bear Paw Mountains, needle-and-thread from at higher altitudes than is indicated. It has been elim- 
all but the highest station, and Idaho fescue from the inated from the Deer Lodge area by sheep grazing. 
three stations with greatest altitudes. In a general Green needlegrass occurred near the Warren area 
way, the collections showed the altitudinal limits of in more favorable habitats. 

the species in central Montana. Idaho feseue grows The average percentage of weight below certain 























January, 1950 


TABLE 12. Effects of clipping in 1946 upon percent- 
age of cumulative weight from the base upwards in 
plants of bluebuneh wheatgrass. Each column is the 
average of 30 plants and all except those in column 1 
were collected in the Clyde Park area in 1947, 





PLANTS WITH 





FLOWER Unclipped 
Height STaLkKs plaats CurppinG Heiauts 1n INCHES 
in oe Ee without PD sen _ poe 

inches flower 

1946 | 1947 | stalks | 6 | 5 | 4 | 3 | 2) J 

100.0 | 

99.7 | | 

99.2 100.0 | | | 

98.7 | 99.8 | | 

| 98.1 | 99.6 | | 

97.3 | 99.3 | | 

96.3 | 98.8 | | 

95.0 | 98.1 | 100.0 100.0 

93.4 | 97.1 | 99.4 99.7 100.0 

91.3 | 95.8 100.0 98.6 100.0 | 99.2 | 99.7 100.0 100.0 

88.7 | 94.3 98.9 7.3 | 99.4 | 98.5 | 99.2 | 99.6 99.5 

85.6 | 92.3 97.1 95.9 | 98.7 | 97.5 | 98.5 | 99.1 98 9 

81.8 | 89.8 94.5 94.2 | 97.7 | 95.9 | 97.3 98.0 98.0 

77.4 | 86.7 91.6 91.8 | 5.9 | 93.6 | 95.5 96.3 96.6 

72.3 | 82.9 88.3 88.6 | 93.7 | 90.6 | 92.9 | 93.7 94.6 

66.5 | 78.5 83.9 84.4 | 90.4 86.5 | 89.0 90.0 91.8 

60.2 | 73.3 78.6 78.9 | 85.8 | 81.0 | 83.6 | 84.8 87.9 
Bivins: 53.4 | 67.2 72.1 72.3 | 79.5 | 74.3 | 76.6 | 78.1 82.3 
Pekines 46.5 | 60.4 64.5 64.5 | 71.9 | 66.4 | 68.5 | 69.9 75.1 
ae 39.4 | 52.9 56.1 55.8 | 62.6 | 57.5 59.1 | 10.4 66.3 
are 32.4 | 44.8 47.4 46.4 | 52.3 | 47.8 -8.9 | 50.2 55.7 
4 25.7 | 36.1 38.1 36.6 | 41.2 | 37.8 , 38.4 39.5 44.3 
ee 19.1 | 27.2 28.6 27.0 | 30.1 | 27.7 | 28.0 | 28.9 | 32.2 
aaa | 12.6 | 17.9 18.8 17.6 | 19.6 | 18.0 | 17.9 | 18.4 20.9 
eats | 6.2) 86] 8.9 | 85] 9.3] 8.4] 85] 84) 9.7 


| 
| 


stubble-heights for the plants of each species in each 
area are shown in Table 13. The stubble-heights 
were those heights where approximately 50 percent 
of the weight was below and 50 percent above. As 
shown previously with bluebunch wheatgrass, the 
direct comparison of these data is not a fair estimate 
of the accuracy of the method because of differences 
in average heights of the plants from different areas. 
When height is taken into account by the use of 
tables similar to Table 8, the variability in the Lom- 
masson principle becomes apparent. Determinations 
of utilization for prairie Junegrass varied from 7.5 
percent below to 5.3 percent above that given by 
height-class tables. For Idaho fescue the greatest 
deviation was 5.7 percent, for needle-and-thread 7.9 
pereent, and for green needle-grass it was 1.4 per- 
cent. Average differences were 4.1, 2.6, 4.7, and 0.9 
percent for the species in the order listed above 
(Table 13). 

The collections of all species included enough plant 
material to show the effect of height on the distri- 
bution of weight. Graphs were constructed from the 
averages of all individual plants within the species 
of the height indicated, regardless of the site in 
which they were collected. The averages are from 7 
to 19 plants (Figs. 23-26). 

In all four species, there was a gradual increase 
among shorter plants in the percentage of weight in 
the basal parts. The graphs for the tallest and short- 
est plants are for the height classes near the two ex- 
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TABLE 13. Average heights and differences between 
actual and computed percentage of weight below the 
stubble-heights of 4 species of grasses in 1947. 





Computed 
percentage 


Actual from volume 
percentage tables for Difference 
Species and station Average of weight average in 
height of below height and | percentages 
30 plants, stubble stubble 
inches heights! heights! 
Prairie Junegrass 
Havre basen 9 60.7 57.8 +2.9 
Warren 11 50.1 57.6 —7.5 
Deer Lodge 12 53.5 54.3 —0.8 
Clyde Park. . 14 56.2 50.9 +5.3 
Bear Paw Mts. 17 41.4 48.0 —6.6 
Red Lodge....... 12 55.6 54.3 +1.3 
Average....... os | ; | ae 4.1 
Idaho fescue | 
Clyde Park........ 16 66.2 66.8 —0.6 
Bear Paw Mts..... 17 65.5 59.8 +5.7 
Red Lodge......... 16 65.3 66.8 —1.5 
Average......... se : , H 2.6 
Needle-and-thread 
Ra ee 20 51.1 53.6 |} 2.5 
ee 17 62.2 56.0 +6.2 
Deer Lodge......... 15 56.9 57.4 } 0.5 
Clyde Park........ 21 54.4 48.1 +6.3 
Bear Paw Mts....... 20 45.7 53.6 ; 7.9 
Average......... 23 eae $x: 4.7 
Green needlegrass | | | 
1 ae er ) 3 | 37.3 | 56.1 +1.2 
Deer Lodge......... 28 | 52.4 52.7 —0.3 
Clyde Park. ........ 27 | 8.2 | 652.6 +0.6 
Bear Paw Mts....... |; 28% | 61.3 | 52.7 -1.4 
Average. ........ 0.9 


!Two inches for prairie Junegrass, 3 inches for Idaho fescue, 4 inches for needle- 
and-thread, and 6 inches for green needlegrass. 


tremes of plant growth for 1947. The graphs for 
the intermediate heights are for plants near the aver- 
age height of all the plants from all the areas. The 
greatest variation in percentage distribution of 
weight was in the basal 3 to 5 inches for all species, 
being as great as 14.7 percent for the first inch in 
prairie Junegrass and as little as 4.9 percent in 
green needlegrass. The short plants of prairie June- 
grass exhibited more variation than the taller plants 
of green needlegrass. 

The average height of plants imposes certain con- 
ditions on the application of the height-weight meth- 
od to field determinations of forage utilization. If 
the height-weight tables used are accurately con- 
structed and apply to the area within the limits of 
site and growing conditions, the results will be ac- 
curate for the 1-inch points. Interpolations will be 
necessary for heights between the inch marks. Seales 
or standard height-weight tables and measurements 
of stubble height for short plants should be made 
in one-half inch intervals or less. For example, 34.2 
pereent of the weight was in the basal inch of prairie 
Junegrass plants 7 inches tall, 64.6 percent in the 2 
basal inches, and 83.6 percent in the 3 basal inches. 
Accuracy in field application would be greater if one- 
half inch intervals had been used. 
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PERCENTAGE OF WEIGHT 

Fic. 23. Percentage of weight according to 1-inch 
intervals of height for all plants of Koeleria cristata 18, 
15, 11, and 7 inches tall. The shorter plants had a 
larger percentage of their weight in the basal 3 inches. 
The tall plants were quite different in growth-form from 
the short plants. 



































DIFFERENCES IN AVERAGE WEIGHT OF 
PLANTS 


The average weight in grams of each species col- 
lected for the different phases of the experiment is 
shown in Table 14. There were great variations in 
forage production between years and sites, and vari- 
ations with different intensities of clipping. The 
average weights did not vary in the same manner as 
culm heights and leaf heights. Tops of bluebunch 
wheatgrass weighed less in 1947 than in 1946 in all 
areas except Deer Lodge. However, in all areas ex- 
cept Red Lodge, there were more fruiting spikes per 
plant; and in all except Clyde Park and the Bear 
Paw Mountains, the maximum plant height was 
greater in 1947. Plants without flower stalks and 
those clipped in 1946 weighed approximately the 
same in 1947 but much less than the culmed plants 
in the same area. 

These data further emphasize the well known fact 
that the forage crop varies greatly from year to year 
even though basal area or ground cover remains ap- 
proximately the same. 


DISCUSSION 
The annual variations’ of growth-form in any spe- 
cies are the result of differences in environmental 


conditions acting upon plants that respond in vari- 
ous degrees to changes in moisture, temperature, and 
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Pi, Bess, 
Fig. 24. Percentage of weight according to 1-inch 

intervals of height for all plants of Festuca idahoensis 

19, 16, and 13 inches tall. Festuca idahoensis was very 


regular in height-weight distribution with only small 
deviations from the means of height-classes. 
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other factors of climate and soil. Each plant has 
certain maximum and minimum intensities of en- 
vironmental factors within which it grows. Some- 
where within these extremes there is an optimal in- 
tensity about which minor fluctuations have relatively 
little importance. Each environmental factor be- 
comes increasingly important and limiting in effect, 
as intensities are greater or lesser than the optimum. 
For a plant to develop, all the factors must be with- 
in the minimum-maximum range, but in any one 
place the factor or combination of factors limiting 
growth are not necessarily the same. The infinite 
number of combinations and seanty knowledge of 
environmental relationships has led some ecologists 
to the conclusion that measures of plant activities are 
more valuable and reliable than correlations of fac- 
tors (Weaver and Clements, 1939). 

Some relationships between plant and environ- 
ment are relatively easy to measure and interpret. 
For example, Figures 13-18 illustrate the fact that 
the roots of bluebunch wheatgrass were limited in 
depth of penetration by the zone of lime accumu- 
lation which, in turn, is a product of the process of 
calcification in soil development. Another example is 
found in Table 6 in which growth, measured by 
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Fig. 25. Pereentage of weight in 1l-inch segments of 
all plants of Stipa comata 31, 26, and 21 inches tall. 
Deviations from the means within the height-classes 
were greater in this species than in any of the other 
species studied. 
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height of plants and number of seed stalks, is eor- 
related with changes of temperature and precipita- 
tion. However, when average weight of the plants 
was taken as a measure these data showed that 
clipping has a direct effect in reducing weight per 
plant. Conversely, the comparison of weight of blue- 
bunch wheatgrass plants in 1946 and 1947 indicates 
that one or more other factors were in operation. In- 
creases in height and number of seed stalks were 
associated with decreases in weight per plant in 
three areas; and increase in weight in another; while 
in still another there was a decrease in all three meas- 
urements. Moreover, decreased weight was associated 
with shorter plants and more seed stalks at one 
station. 

Analysis of differences on an area basis is more 
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Fic. 26. Percentage of weight in 1l-inch segments of 
all plants of Stipa viridula 23, 16, and 11 inches tall. 
Deviations from the means of height-classes were less in 
this species than in any of the other species studied. 


TABLE 14. Average weight in grams of aboveground 
parts of 5 perennial grasses collected from 6 areas in 
Montana. Weights of bluebunch wheatgrass are for 
different years and different treatments. 








Bear 
Species, year, and Deer | Clyde | Paw Red 
treatment Havre | Warren) Lodge | Park | Mts. | Lodge 
Bluebunch wheatgrass 

Fruiting plants, 1946.....| 8.83 | 36.13 | 15.39 | 28.52 | 16.82 | 20.42 
Fruiting plants, 1947 .73 | 23.29 | 19.79 | 13.84 | 12.10 | 16.96 
Non-fruiting plants, 1947.|  .... | ..... | ..... ey i a, Meee 
l-inch clipping height....| .... | ..... Pah eeccs | cease 
2-inch clipping height....| .... | ..... | ..... Sg SOPs Maree 
3-inch clipping height....)  .... | ..... | ..... hg) ee! Ga re 
4-inch clipping height. Pe acwe L akees 
5-inch clipping height....;  .... | ..... | ..... CIS cident Seces 
6-inch clipping height....| .... | ..... | ..... DA) haces} “asnes 
Prairie Junegrass, 1947... .. .07 1.30 | 0.99 | 0.98 | 4.71 0.90 
Idaho fescue, 1947......... es ‘ sass 2.64 | 4.22 2.46 

Needle-and-thread, 1947.. 7.86 | 5.52 | 2.48 | 4.82 | 3.29 

Green needlegrass, 1947.....| 14.06 11.16 | 12.11 | 4.40 


difficult because genetic differences and differences 
due primarily to environment should be separated. 
This may be partially accomplished when plants can 
be successfully transplanted from one area to an- 
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other, thus placing them in the same environment. 
Sixty plants of bluebunch wheatgrass from each 
area were transported to a nursery at Clyde Park 
in 1946 for this purpose. The number of survivals 
was sufficient for study but the results of trans- 
planting was so detrimental in this instance that the 
plants showed abnormal behavior. They were short, 
produced no spikes, and generally were not in a vig- 
orous condition in 1947. Consequently, that part of 
the experiment was abandoned. 

Plants of prairie Junegrass from the Bear Paw 
Mountains were much taller and heavier than those 
from any other area. Whether there was a different 
ecotype of prairie Junegrass in this area, or whether 
the differences were due to environment is not known. 
Nor are the reasons clear why growth-form varied 
as it did within height-classes and sites. 

The extent of variability in growth-form of grasses 
growing in the central part of Montana (as recorded 
in this paper) is applicable to problems in range man- 
agement in several ways. If maximum livestock pro- 
duction is to be maintained on native range, the in- 
dividual plants producing the forage must be kept in 
vigorous condition. Excepting adverse climate, which 
is beyond man’s control, the greatest single factor 
contributing to range depletion is excessive reduction 
of plant growth by grazing animals. This is ac- 
complished through too great reduction of photosyn- 
thetic area which gradually results in starved plants. 
Range men often speak of the weakened condition 
preceding death as loss of vigor when a single plant 
is considered or range deterioration where the phe- 
nomenon is general. 

Fortunately, the important forage grasses may be 
grazed to a certain extent and still maintain vigorous 
growth. In the past, many clipping studies on various 
species have been conducted to determine the point of 
foliage removal whereby the plants will be main- 
tained and yet vield the greatest volume of feed for 
livestock. In studies where experimenters harvest 
the forage, the point of proper utilization can be 
determined on a percentage weight basis, that is, the 
percentage of weight of the entire plant that may be 
removed annually without reducing subsequent vields. 
Use of forage by animals prevents accurate measure- 
ment of utilization because the part consumed is 
forever lost and cannot be weighed. Many attempts 
have been made to measure the ungrazed portion of 
the plants and by means of conversion factors, seales, 
or other devices to arrive at a measure of the per- 
centage of the plant removed. One of the most recent 
of these methods is the Lommasson _height-weight 
procedure in which height of ungrazed plants and 
stubble-heights are used to caleulate percentage of 
weight removed by grazing animals. The basie prem- 
ise in this method is that distribution of volume in 
plants of the same species and height is constant. 
Lommasson and Jensen (1943) claim that the prin- 
ciple is valid and from a field test found that meas- 
urements of stubble-heights and conversions to per- 
centage of weight on bluebunch wheatgrass plants 
varied within plus or minus 3.5 percent of actual 








Ecological Monographs 
Vol. 20, No. 1 
laboratory calculations. Crafts (1938) presented 
seales whereby a calculated percentage of height of 
plant removed could be converted to percentage of 
weight removed. He states that accuracy of the 
method depends upon the height determinations and 
the variation in volume-distribution by height-classes. 
An extensive study of the growth characteristies of 
10 species has been made by Clark (1945). He found 
that average height-weight tables based on composite 
samples showed many errors as great as 10 to 25 
pereent. At first, comparisons were made at a con- 
stant stubble-height regardless of the average height 
of the plants. The variations found were great. He 
found a range of means of 8.6 percent for the vol- 
ume of herbage of slender wheatgrass produced be- 
low 4 inehes by a group of plants 21 to 24 inches 
tali. On individual plants, the range was as great as 
30 percent. For bluebunch wheatgrass, the greatest 
difference in modal height-classes was 14.7 pereent. 
Differences found in the present study are also 
great if Clark’s method of comparison is used. Blue- 
bunch wheatgrass showed a maximum difference of 
23.1 percent at the 6-inch stubble-height in 6 areas 
for 2 years. When plants without flower stalks and 
clipped plants were included, the maximum difference 
became 26.9 percent. However, when the averages 
for area and years are compared with composite 
height-class tables, the greatest difference of means 
is reduced to 10.7 percent, and the average difference 
is 4.5 percent. The average difference of means for 
prairie Junegrass was 4.1 percent, Idaho fescue 2.6, 
needle-and-thread 4.7, and green needlegrass 0.9 per- 
eent. Of the 30 differences included in the above 
averages, one was greater than 10 percent, 12 were 
between 5 and 10 percent, and 17 were less than 5 
pereent. 

All these data indicate that herbage production is 
variable from year to year both as to growth-form 
and average weight of the plants. The use of height- 
weight distribution of forage as a basis of construct- 
ing scales, tables, or charts to be used in field deter- 
minations of forage utilization has its shortcomings. 
If 10 percent is taken as the limit of error, as pro- 
posed by Campbell (1937), then this method is valid 
and useful. 

In some years in certain areas the error may be 
greater than 10 percent, but this deviation is as 
likely to be positive as negative if the standard scales 
are based on plants from several sites and for sev- 
eral years. The errors would largely cancel each 
other, or the measurements of utilization would be 
slightly below or slightly above on a yearly basis 
and very close to actual values on a long-term basis. 
Fluctuations in livestock operations are such that 
absolute “hewing to the line” of proper utilization 
cannot be followed year after year. The real aim 
is to be as close to ideal standards as possible each 
year, which in turn will maintain the range in a 
highly productive state on a long-time basis. 

As more information becomes available for small- 
er areas, the accuracy will be mereased in that the 
standard tables can be prepared for local conditions. 
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These data point to a fallacy in using stubble- 
height alone as a basis of judging utilization. If the 
plants grow tall in one year, a 4-inch stubble-height 
means much greater utilization of forage than if the 
plants are short. Theoretically, over a period of 
years the utilization would average proper use if the 
chosen stubble-height were correct. There are two 
advantages of using stubble-height. First, it is easily 
seen, measured, and deseribed. Second, it draws at- 
tention to the fact that a certain amount of plant 
material must be left on the ground if the plants are 
to remain vigorous and productive year after year. 
The tables in this paper were arranged to emphasize 
this fact; for example, 7.6 percent of the forage oc- 
eurred in the first inch of the plant above the soil 
surface, and 14.8 percent in the first 2 inches (Table 
iG 

Based upon the amount of information now avail- 
able, the height-weight scales have the greatest use as 
aids in training personnel to see correctly the rela- 
tions between stubble-height and total height and dis- 
tribution of weight in the plants. Most determina- 
tions of utilization are made by ocular estimate be- 
cause it is rapid and because there are conflicting 
ideas on the accuracy and limiting features of height- 
weight determinations. When livestock are used in 
experimental grazing studies, this method offers in- 
ereased accuracy in determinations of utilization 
because the height-weight scales can be constructed 
for local use and modified each vear within the work- 
program of most research stations. 


SUMMARY 


The height-weight method is one means by which 
utilization of grasses by livestock is currently meas- 
ured. It is based on the premise that the weight of 
plant materials in relation to the height at which they 
are taken remains constant with individuals of a 
species that have approximately the same _ height. 
Not all workers have found the height-weight or 
growth-form principle, as it is often called, to be 
fundamentally sound. The objectives of this study 
were to ascertain the relationship between the growth- 
form of five perennial grasses and yearly changes 
in climate, differences in habitats, composition of the 
species in the stand, and degree of herbage removal. 

Six areas located in a 300-mile long, north-south 
band across central Montana from Wyoming to near 
the Canadian border were selected for study in 1946 
and 1947. Areas were chosen which were dominated 
by bluebunch wheatgrass (Agropyron spicatum), 
since major emphasis was given that species. 

Ranges of certain environmental factors in the six 
areas were: average July temperatures, 56 to 70 
degrees F. and average January temperatures, 12.9 
to 21.6 degrees F., length of growing season, 59 to 
134 days; and average annual precipitation, 10.27 to 
25.30 inches. 

Temperature and precipitation varied during the 
study period with no particular pattern between the 
years or among the stations. 
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The communities of bluebunch wheatgrass belong 
to the Palouse Prairie association. The environment 
at an altitude of approximately 5,000 feet presented 
the optimum for development of the Palouse Prairie 
in central Montana and extremes of altitude where 
it was found were 2,650 and 8,300 feet. 

At lower elevat‘ons many mixed prairie plants 
were associated with bluebunch wheatgrass. Among 
these were blue grama (Bouteloua gracilis), green 
needlegrass (Stipa viridula), and threadleaf sedge 
(Carex filifolia). At higher elevations the usual asso- 
ciates were Idaho fescue (Festuca idahoensis), west- 
ern needlegrass (Stipa occidentalis), and big blue- 
grass (Poa ampla). Species with wide altitudinal 
ranges included prairie Junegrass (Koeleria cristata), 
Sandberg bluegrass (Poa secunda), and needle-and- 
thread (Stipa comata). 

The basal area of perennial grasses ranged be- 
tween 3.87 and 6.92 percent. In general, areas that 
had been heavily grazed by livestock had the lowest 
basal area irrespective of environment. 

Numerical counts of annual grasses, weeds, and 
shrubs indicated that plants such as Bromus tectorum, 
Salsola tenuifolia, Gutierrezia sarothrae, Phlox hoodi, 
Oxytropis lamberti, and many others invaded blue- 
bunch wheatgrass areas following overuse of the 
range by livestock. The first three species were com- 
mon on overgrazed cattle range, and the last two 
were numerous where grazing by sheep had been 
heavy. 

The dates of maturity of bluebunch wheatgrass 
were calculated by the procedure outlined in Hop- 
kins’ law sinee the stations were spread over a wide 
range of altitude and latitude. 

Growth of bluebunch wheatgrass when measured 
in terms of maximum height and number of spikes 
per plant was favored by greater precipitation and 
lower temperature at low elevations, and by lower 
precipitation and higher temperature at higher ele- 
vations. When grams of tops produced per plant 
were used as the measure of growth, no correlation 
with vearly climatic differences was found. 

The A horizon in the soils varied in depth from 
6 to 18 inches and in color from light grayish brown 
to brown or chestnut. Most of the soils had a granu- 
lar structure. In areas with the least rainfall, the 
depth of the A horizon was least, the color was light- 
est, and the structure was poorly developed. 

Layers of lime accumulation occurred at depths of 
8 to 15 inches in the soils of four of the study areas. 
They varied in thickness from 8 to 18 inches. Depth, 
thickness, and friability of the lime layer became 
greater with increased precipitation. 

Where the lime layer was compacted and cemented 
the roots of bluebunch wheatgrass did not penetrate 
it to any extent. Root-depth varied from 15 to 63 
inches and lateral spread from 40 to 72 inehes, ae- 
cording to soil conditions and previous abuse of the 
tops by livestock. 

Variations as great as 23.1 percent were found in 
the percentage of weight in the lower 6 inches of 
tops of bluebunch wheatgrass when comparisons were 
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made between averages of 30 plants from different 
sites in 1946 and 1947. 

Variations were much greater for bluebunch wheat- 
grass growing in different sites than those growing 
in different years. There was also more variation in 
average height of plants in the same year in different 
sites than in those plants growing in the same habi- 
tat in different years. 

All the data on height-weight of bluebunch wheat- 
grass were grouped according to 1-inch height-classes 
and averaged. When the average of plants growing 
in one year and one habitat was compared with the 
height-class tables, the maximum variation in the 
basal 6 inches was 10.7 percent. 

The average variation of the percentage of weight 
of bluebunch wheatgrass at a stubble-height of 6 
inches for the six areas was 4.5 during a period of 
two years. 

The distribution of weight according to height for 
prairie Junegrass, Idaho feseue, needle-and-thread, 
and green needlegrass was much the same as that of 
bluebunech wheatgrass. Average differences between 
the measured percentages below certain stubble- 
heights and the caleulated percentages from height- 
class tables were 4.1, 2.6, 0.9, and 4.7 pereent for 
the several species, respectively. 

In general, the shorter the plant, as a result of 
differences in habitat or differences in weather, the 
greater was the percentage of weight in the basal 
portion. The shift of percentage of weight toward 
the base of the plants was found in all species 
studied. In prairie Junegrass this was more pro- 
nounced than in the other, taller species. 

The percentage of weight of plants in 1-ineh in- 
tervals of height did not vary consistently either 
directly or indirectly with average height, average 
weight, rainfall, temperature, soil, or composition 
of species in the stand. 

Plants of bluebunch wheatgrass clipped to stubble- 
heights of 1 to 6 inches in 1946 showed deterioration 
in 1947. The leaves were shorter, there were very 
few fruiting spikes, and the size of the bunches was 
less. A few plants in the 1-, 2-, and 3-inch clipping 
heights were weakened to the point where Bromus 
tectorum invaded the wheatgrass bunch. Although the 
plants were clipped at the time of flowering only in 
1946, indications are that grazing of bluebunch 
wheatgrass ranges should be light at that time. 

The height-weight relationships of all plants 
clipped were very similar. They were different from 
plants with flower stalks. When utilization of forage 
is determined for a range area by the height-weight 
method, the proportion of plants with and without 
fruiting stalks must be included in the calculations. 

Comparisons of the average percentage of weight 
below a stubble-height of 6 inches with height-class 
tables were made. One difference was more than 10 
percent, 12 differences were between 5 and 10 per- 
cent, and 17 were less than 5 percent. When a stand- 
ard of 10 percent was selected as the limit of error 
for determinations of utilization, only one of the 30 
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calculations following the height-weight method was 
outside of that limit. The conclusion is reached that 
the height-weight method is valid and useful pro- 
vided the limitations and variations of the method 
are taken into consideration. 
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